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ABSTRACT 



A computer model for providing information to 
assist space administrators at the University of Toronto 
in planning classroom requirements, is presented in this 
thesis. The requirements generated are compared against 
available rooms and measures of utilization computed. 

The model reacts to changes in parameters describing the 
system which allows the resource implications of alter- 
native space planning decisions to be considered. 
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INTRODUCTION 



I , 1 University Space Planning ~ The Problem 

The University of Toronto, with an enrollment of 
27,000 (including part-time students), is the largest Univer- 
sity in Canada, and is situated on a very expensive 160 acre 
plot of land in dov/ntov/n Toronto. Increasing enrollment, in- 
creasing demand for educational services, expanding research 
activity, and the ever-changing curricula are stressing the 
University's physical facilities. This heavy demand for space 
emphasizes the need for efficient management and utilization 
of existing space and more systematic and careful planning of 
new facilities. Capital appropriations for physical facilities 
must be properly controlled and planned; otherwise excessive 
sums of money may be allocated for incorrect and inadequate 
facilities. The complexities of this urban institution, ra- 
pidly changing educational goals, rising construction and land 
costs, lack of information, and many other problems burden Uni- 
versity space planners. There are, however, three conventional 
solutions to solve the space problem. 

First, restrict the size of the student body to fit 
available space. This method, although feasible, is incom- 
patible v;ith the University's goal to provide for all quali- 
fied students the opportunity to receive a formal education 
beyond high school. 

Second, increase the physical facilities to accom- 
modate the proliferating student body. This approach is con- 
cordant with institutional aims but not entirely practicable 
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because of scarce University resources and a heavy demand on 
public funds by the various Ontario Universities. 

Third, create a higher utilization of existing space 
to accommodate more students along v/ith a v/ell planned building 
program for inadequate facilities. This approach is the desi- 
rable one, but the most difficult to fulfill. It involves 
several important planning steps. A detailed plant study must 
be made and/or updated to indicate available space and equipment, 
present utilization, and adequacy for present University enroll- 
ment. Since most major University expenses such as administra- 
tion and plant operation, teaching staff, maintenance, building 
construction, and teaching equipment relate to the function of 
instruction, the instructional programs should be evaluated to 
determine optimum class sizes, faculty teaching load, unit ex- 
penditures for instruction, suitability of physical facilities 
for programs, and so on. The characteristics of the students 
including geographical origin, professional and vocational goals, 
their passing, failing, transfer, and dropout rates must be stu- 
died and combined with forecasting formulas to prognosticate en- 
rollment, at the University and the breakdov/n of this enrollment 
into the many academic departments. The University's fiscal 
policies and financisl structure requires careful analysis to 
reveal trends in the University* s primary sources of funds, and 
the present and expected expenditure of these funds for the in- 
stitution’s various programs (the latter known as ’Program 
Budgeting’ ) . The final planning step is integrating the results 
from each of the studies to determine the extent of instructional 
plant necessary. Then, appropriate faculty and administrative 
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committees in conjunction with a competent architect can do- 

♦ 

• * 

termine the size, location, design a'nd timetable of new con- 
struction or renovation. 

f . 

• At a large University like Toronto, the space plan- 

ning studies outlined seem a formidable undertaking when con- 
sidering the time, manpower, and money involved. Fortunately, 
the University of Toronto possesses one of the largest and 
most sophisticated computer systems in Canada. The use of the 
computer's high speed for information processing, and Univer- 
sity analysis and planning, v/as investigated in ear].y 1965 v/ith 

f 

the development of a systems simulation model for the Faculty 
. of Arts and Science, bearing the acronym CAMPUS (Comprehensive 
Analytical Method for Planning in the University Sphere) . This 
model contains a space requirements section which forecasts 
space for professorial offices, lecture rooms, laboratories, 
administrative offices, etc. The pilot study indicated many 
advantages of a computer simulation model for University space 
planners and decision maliers. Space planning studies can be 
undertaken and large volumes of data rapidly analyzed to en- 
able planners to renovate or build for changes in educational 
objectives and methods, and increasing -enrollment o 

I . 2 Instituti o nal Research and Si mulatlon 

To investigate and solve the problems of higher 

education and to carry on institutional self-studies, many 

universities and colleges now employ an analytical group under 

a director of institutional research. According to Henry S,- 
(V) 

Dyer institutional research is centered around two points 
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of viev/. The first approach is theoretically orientated, 

* 

long term studies of the inner workings and s<2-ience of edu- 
cational institutions. The institutional research group 
should devote itself solely to research and be relatively 
free from solving current operational problems. The second 
view is that institutional research should be assigned the re- 
sponsibility for studies necessary for the making of important 
-decisions about policy and procedure. The analytical effort 
should emphasize the means of using limited resources to better 
advantage . 

The University of Toronto and most other universities 
with institutional research bureaus are endeavouring to inte- 
grate both of these approaches. Operational research, unin- 
formed by theory is less effective. New theorems and techniques 
must be developed or adapted from the literature and applied to 
provide better solutions for institutional problems. An in- 
stitution must have v/ell organized information and data systems 
in order to measure the resource implications of its policies 
and goals. 

One of the newer techniques employed by institutional 
researchers is experimentation with university simulation models. 
Observation, familiarization, and discussion of the university 
system leads to the formulation of hypotheses explaining the 
system* s operations and behaviour. These hypotheses are trans- 
lated into a set of mathematical equations (a model) v/hich des~, 
cribes the system and can be used to predict changes in the 
state ox the system. Usually the mathematical model is written 
according to a particular set of rules so that the model can be 
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processed by a computer rather than solved analytically. The 
model must be tested and validated to determine v/hether the 
desir.-ed correspondence between it and the real system has been 
attained. Simulation is the process of conducting and analy- 
zing experiments on the model instead of attempting the ex- 
periments with the real system. Experiments are carried out 
by varying the model* s decision parameters and the numerical 
values assigned to the model* s independent variables. 

The construction of a simulation model for planning 
lecture room facilities at the University of Toronto is ex- 

I 

plained in this report. In addition, the process of investi- 
gating the' implications of changes in the university* s ^stem 
by experimentation on the simulation model is illustrated. 

1.3 The CAMPUS Model 

The CAMPUS model is a systems simulation computer 
model developed to provide information which will assist Uni- 
versity of Toronto administrators. The model is a series of 
routines to analyze input data on University activities, com- 
pute the resulting resource requirements over a specified time 
period, anc^ display the information on computer-prepared reports 
and graphs. The CAMPUS model consists of the following four 

main sections: 

1. Enrollment Formulation 

2. Resource Loading 

3. Space Requirements 

L\.. Budgetary Calculations 

Based on forecasted entering enrollment, and passing, 
failing, transfer, and dropout rates, the Enrollment Formulation 
section computes for each department the number of subject- 
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year for each session simulated. T];ie computations of the En- 
rollment Formulation section are transferred to the Resource 
Loading section v/hich calculates and reports the staff re- 
quirements and teaching workload of all academic departments. 
Certain parameters set by department decision makers, such as 
teaching hours per v;eek per staff member, desired class sizes, 
number of hours per week in each lecture and laboratory sub- 
ject taught, and so on, must be supplied. Next, the Space Re- 
quirements section of CAMPUS computes requirements for lecture 
rooms, laboratories, professorial offices, libraries, and other 
types of space, and compares the requirements against present 
and projected facilities. Space deficiencies and space utili- 
zations are reported, and the costs of constructing new facili- 
ties to cover shortages are estimated. The final section de- 
termines the departmental and faculty budgets for the various 
types of academic staff, non-academic salaries, research funds, 
and so on. The time series of the most important annual ex- 
penditures are drawn by the CalComp Plotter. 

The CAI'^PUS model v/as developed originally to assess 
the feasibility of the systems simulation approach to univer- 
sity problems. It was limited to undergraduate instructional 
activities within the Faculty of Arts and Science of the Uni- 
versity of Toronto. There was considerable interest in the 
pilot project, and the experience gained from CAMPUS indicated 
the construction of a systems simulation model for the Univer- 
sity of Toronto v;as feasible. Consequently, the Office of In- 
stitutional Research undertook the implementation of the pilot 
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model and the expansion and development of CAJ4PUS as a sys- 
tems simulation model for the entire University , including 
both undergraduate and graduate instruction. 

Further, more detailed information on the CAMPUS 
model may be obtained from the publication A New Tool for Edu - 

no) 

cational Administrators . 

I . Pro.ject Objectives and Organization of this Thesis 

The primary objective of the research work of this 
thesis v/as the development and improvement of the elementary 
space planning methodology of the Space Requirements Section 
of CAMPUS. The research work was to include the insertion of 
real rather than hypothetical data into the model. Initially 
two approaches to the problem v/ere conceived, namely: 

(i) Development of a system simulation model for determining 
the physical facilities requirements (including lecture 
rooms, laboratories, offices, libraries, and other areas) 
for a small group of departments such as those that form 
the Faculty of Applied Science and Engineering or the 
Faculty of Arts and Science. 

(ii) Development of a university wide planning model for se- 
lected types of space. 

Approach (i) would involve the study of problems 
associated with forecasting requirements for many types of 
space. However, such a study, even for a small faculty, would 
require a lengthy literature search, collection of copious 
amounts of data, and perhaps considerable modification when 
extending the model to include other faculties at the University 



of Toronto. Important inter-relationships among faculties 
such as the cross-appointing of professors, the flow of stu- 
dents from one faculty to another for lectures, and the allo- 
cation of space in a building occupied by tv/o faculties, can 
only be examined in a larger university-wide model. Clearly, 
the development of a university space planning module v;ithin 
the framework of the CAMPUS model was the wisest and most prac- 
tical goal. Since data v/ere available from the Department of 
Statistics and Records describing the University's lecture 
room facilities, and because of the author's undergraduate ex- 
perience and interest in the problems of low seat and room 
utilizations^ approach (ii) was initiated for tutorial, seminar, 
and lecture rooms. 

The goal of the thesis project was to develop, im- 
plement, and test: 

- a system for integrating the CAMPUS model input 
enrollment data and projecting future lecture 
room requirements, 

- , a routine to provide statistics on available 

lecture rooms. 

- a matching procedure for comparing lecture room 
requirements against available space, calculating 
utilization of space, and defining space deficiencies. 

This report is presented in two major divisions - 
the body and the appendix. The body of the thesis describes 
v/hat the computer program does, and the appendix answers how 
the program does this. The body contains a description of 
each aspect of the methodology, and the many considerations 
essential to the development of a space management and plan- 
ning program. Section VI of the body is rather unique in that 
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it can be examined separately by educational planners and 
space researchers of other institutions to enable them to 
gain an appreciation of the model. Institutions contem- 
plating the use of the computer in a formal space planning 
% 

program could then obtain further detail from the remainder 
of the body of the thesis and the appendix. The reader of 
the complete report will benefit by now reading Section VI 
then returning to body Sections II through V. The 
computer produced reports from the program subroutines were 
reduced and placed together in Section VI rather than being ■ 
interspersed in the commentary of the other Sections of the 
body . 

The appendix contains the supporting information for 
an in-depth examination of the model mechanics. Detailed 
flowcharts, program subroutine listings, and the glossary of 
variable names will be of assistance in understanding the 
operation of the program, and in tailoring it to another 
institution . 
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II THE MAIN PROGRAM 



The computer simulation model developed is a series 
of approximately 1000 FORTRAN IV instructions broken into six 
sections as shown in the * Overall Program Structure* diagram 
of Appendix B. The group of statements v/hich controls the 
calling of the various subroutines is referred to as the 
main program. A complete listing of the computer statements 
and flowcharts for the main program can be found in Appendix B. 
The main program contains the instructions necessary to read 
the data cards, control the calling of different subroutines 
over several simulation periods (depending on the input values 
of control parameters), and print several reports. 

The accTAracy of the information produced by the 
mathematical relationships of the model is dependent on the 
numerical values assigned to the independent variables of 
these relationships. The sources and meaning of the input 
data, problems associated with obtaining these data, and some 
assumptions are described below. The variables are listed in 
the sequence that data are read into the computer, and the 
actual numerical values for the variables are enumerated in 
Appendix C. 

a) NDP, NFACUL, NDIST, NTOTAL, NPRIOR, lACA, NINTI, IBEGIN, lEND, 
UTEAWK, SUTAL, RUTIL, SSTOP, SKIP, SULOW, SULOIVD, THIS, G'OSTIN 
These are the system parameters. Their function is outlined 
in Section VI, Table I, and that section demonstrates the dif- 
ferent information that may be produced by varying the values 
of these system parameters. 

b) BLDG, NBLDG, NROOM, SEATS, NODEPT, NUPDTE, NRES, SQFT, NCHECK, 
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NFAC - These are the array names of the input information 
describing each seminar, lecture, and tutorial room available 
in the University of Toronto »s physical plant. The meaning 
of the information is explained in Section IV of the thesis 
and will not be examined here. 

c) ROLEES, STR, HL, ITEST - The data furnished by these arrays 
are extremely important for the calculation of classroom re- 
quirements as described in Section Ill.Zf. The arrays ROLEES, 
STR, end HL, contain the forecasts from the Enrollment For- 
mulation module of CAMPUS of the number of enrollees, the ave- 
rage class size, and the average number of weekly hours per 
lecture subject, respectively, for each academic year of every 
department. An *enrollee' is defined as a subject— student , 

For example, suppose that two hundred third year engineering 
students were taking a History course. The number of enrollees 
...or subject-students is 1x200 or 200. Further, these two hun- 
dred enrollees y/ould be added to the enrollee total for third 
year honours History since this department must provide the 
staff and space for instruction. The summation of the number 
of students expected in each of the subjects offered in a par- 
ticular academic year equals the enrollee forecast. The ave- 
rage class size is simply the weighted average of the class 
sizes taught in all the subjects offered in a particular aca- 
demic year. The average number of v/eekJ.y hours per lecture 
siibject is obtained by dividing the total number of lecture 
hours for all subjects by the total number of sections taurht 
The Enrollment Formulation section of CAMPUS gene- 
rates the aepartmental enrollee forecasts by breal^ing the 
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entering or new enrollment into the many University depart- 

®en-t-s-y— hy’ • a-pplyi-n g-..4^illng-y. pa^ing^-..anjd._ JiranateiL 

the previous year*s enrollment, by multiplying the number of 
students enrolled times the number of departmental subjects 
offered to their own students, and where necessary, trans- 
ferring enrollees among departments. The methodology is out- 
lined in the Office of Institutional Research publication OIR-6. 
The research work for this thesis was carried on concurrently 
with the development of the Enrollment Formulation section and 
the insertion of real data into that section. However, the 
Office of Institutional Research was unable to provide the 
forecasts contained in ROLEES, STR, and HL in a machine pro- 
cessable form in time for testing of the thesis program. For 
this reason, enrollment data from the University of Toronto 
President's Report for the year ended June 1966 v;as analysed 
by hand for each academic department. A sample analysis for 
the Botany department is shown in Figures II-l, 2, and 3» 

This analysis will clarify the meaning and calculation of 
the information contained in ROLEES, STR, and HL. The number 
of enrollees computed for the base period v/as increased by 
two percent each simulation period to provide an indication 
of the space requirements of each department over the next 
ten years. 

Two methods for calculating classroom requirements 
are described in section III. 4; one using the average class 
size as the size of room desired, and the other requiring a 
distribution dividing the enrollee forecast into various room 
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PRESIDENT’S REPORT 

, INSTRUCTIOxX IN THE FACULTIES, SCHOOLS, AND 
INSTITUTES OF THE UNIVERSITY, 1965-1966 



FACULTY OF mTB 

UNIVERSITY QF TORONTO 
Botany 



Summary Departmkxt of Botany 



No. of 



No. of 
Weekly 



Name of Subject 


No. of 
Subject 


No, of 
Section.-? 


Given to Students 
• of the Faculty of 


Lect. 


Lab. 


Lect. 


Lab. 


Biology 


310 


2 ' 


Arts & Science 


191 


191 


1 


6 


Biology 


490 


1 


Arts & Science 


18 


18 


a 

A. 




Botany 


100 


i 


Arts & Science 


74 


74 


m 

2 


2 


Botany 


101 


1 


Arts & Science 


35 


35 


1 


3 


Botany 


110 


4 


Arts & Science 


330 


330 


4 


8 


Botany 


170 


2 


Arts & Science 


158 


158 


2 


4 


. Botany 


200 


1 


Arts & Science 


6 


6 


2 


2 


Botany 


210 


2 


Arts & Science 


77 


77 








(With 110) 














Botany 


270 


1 


Arts & Science 


10 




3 




Botany 


271 


1 


Arts & Science 


41 


41 


2 


3 


Botany 


272 


2 


Arts & Science 


71 


71 


3 


2 


Botany 


300 


1 


Arts & Science 


6 


6 


2 


2 


Botany 


310 


1 


Arts & Science 


10 


10 


2 


3 


Botany 


311 


3 


Arts & Science 


70 


70 


2 


9 


Botany 


320 


1 


Arts & Science 


13 




2 




Botany 


370 


1 


Arts & Science 


30 


.30 


2 


U 


Botany 


371 


2 


Arts & Science 


33 


33 


3 


3 


Botany 


372 


1 


Arts & Science 




6 




1 


Botany 


373 


1 


Arts & Science 


5 


5 


1 


3 


Botany 


374 


1 


Arts & Science 


3 


3 


1 


3 


Botany 


470 


1 


Arts & Science 


3 


3 


1 


3 


Botany 


471 


1 


Arts & Science 


8 


8 


1 


3 


Botany 


472 


1 


Arts & Science 


2 


2 


1 


3 


Botany 


473/1003 


1 


Arts & Science 


2 


2 


1 


3 








Graduate Studies 


4 


4 






" “ Botany 


474/1024 


1 


Arts & Science 


2 


2 


1 


3 








Graduate Studies 


2 


2 






Botany 


475/1021 


1 


Arts & Science 


2 


2 


2 


3 








Graduate Studies 


8 


8 






Botany 


476 


1 


Arts & Science 


10 


10 


1 


3 


Botany 


477/1040 


1 


Arts & Science 


6 


6 


1 


3 








Graduate Studies 


4 


4 






Botany 


1st Year 


1 


F'ood Sciences 


28 


28 


1 


3 


. 


1st Year 




Forestry 


23 


23 






Botany 


3rd Year 


1 


F'orestry 


22 


22 


2 


2 


Botany 


1001 


1 


Graduate Studies 


3 


3 


1 


3 


Botany 


1005 


1 


Graduate Studies 




3 




3 


Botany 


1007 


1 


Graduate Studies 




2 




3 


Botany 


1023 


1 


Graduate Studies 


4 




1 




Botany 


1030 


1 


Graduate Studies 


3 


3 


1 


3 


Botany 


'1031 


1 


Graduate Studies 


2 


2 


1 


3 


Botany 


1053 


1 


Graduate Studies 


1 




2 




Botany 


1060 


1 


Graduate Studies 


1 


1 


1 


3 


Botany 


1061 


1 


Graduate Studies 


2 


2 


1 


3 


Botany 


1st Year 


1 


Pharmacy 


135 


135 


2 


3 



Arts & Science 


1,216 ] 


.,199 


441 


82f 


Food Sciences 


28 


28 


1 


3 


Forestry- 


45 


45 


2 


2 


Graduate Studies 


34 


34 


8 


21 


Pharmacy 


135 


135 


2 


3 



Total 



1.4581,441 57 f 111-J 



Figure II-l 
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FIGURE II-2 CONT'D 
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sizes. If the average class size is to be used in the cal- 
culations for a particular academic, year the indicator ITEST = 0; 
otherwise ITEST = 1. 

“"cT)' AMIDPT, BINT — Classroom requirements are calculated for rooms 
of several different sizes. A size breakdown v/as formulated 
based on the capacity of rooms constructed in the past at the 
University, and corresponding approximately to a division sug- 
gested by Central Room Allocation - Department of Statistics 
and Records. The follov/ing room size ranges (or intervals) 
were chosen for planning purposes: 

Size (Students) Interval Mid-point Description 



0-20 


10 


Small seminar 


or tutorial room 


20-60 


40 


Large seminar 


room 


60-100 


80 


Small lecture 


room 


100-180 


140 


Large lecture 


room 


180 up 


250 


Lecture theatj 


L-e 



The room size interval end points are contained in 
the array BINT and the mid-points in the array AMIDPT. Since 
a larger or smaller number of modular room sizes may be more 
appropriate for other institutions using this computer program, 
and to allow for experimentation at the University of Toronto, 
both arrays are dimensioned for up to seven room sizes, 
e) DIST - Often many different class sizes are taught in the 

subjects offered by a departm.ent in a particular academic year. 
A certain percentage of the enrollees in that academic year 
may receive instruction in small seminar or tutorial rooms, 
v/hile others are instructed in lecture theatres. In order to 
indicate which sizes of rooms are required by a department, a 
measure of the percentage of enrollees expected to be attending 
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Departraent of Botany 

Example Calculation of a Percentage Distribution 



Data from Figure II-2. 



Procedure ; 

1. Sum the number of enrollees in each room size range 
by examining the section size. 

2. Divide by the total number of enrollees and multiply 
by 100% to obtain the percentage of the enrollees in 
each size interval. 

Example ; Third year General Botany - 277 enrollees. 



Subject 


Enrollees 


Section Size 


Room Size Range 


Botany 300 


6 


6 


0-20 students 


Botany 310 


10 


10 


0-20 " 


Botany 311 


70 


23 


20-60 " 


Biology 310 


191 


95 


60-100 " 


Total 


277 







Percentage Distribution 



I Room Size Range 


Calculation 


Percentage 1 


0-20 students 


100 


5.7% 


20-60 " 




25.3% 


60-100 " 


1^- X 100 


69.0% 


100-180 " 




0 

• 

0 

0^ 


180 and over 

_ , 




0.0% 



Figure II-3. 
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classes in rooms of each size is needed. This percentage 
distribution is stored in the array' DIST. The method of com- 
puting this distribution is illustrated in Figure II-3 for 
the Department of Botany, third year General. 

The initial distributions v/ere based on enrollment 
data by subject from the President’s Report for the session 
1963-66. The assumption is made that these departmental dis- 
tributions remain the same for planning simulations run for 
several years into the future. This assumption is valid be- 
. .cause of the difficulty in predicting a change in departmental 
teaching methods. In addition, the room size ranges selected 
are v/ide enough that a pedagogical decision to, say, double 
tutorial class sizes from seven to fourteen will not alter 
the percentage of enrollees requiring rooms of capacity 0-20. 
The departmental distributions will be adjusted annually by 
the Office of Instj.tutional Research based on the enrollment 
data for the latest session. 

f) DPNAME, DRUTIL, TEAWK, AMTOFF, ASSIGN - These arrays store 
departmental data. The names of the academic departments at 
the University are listed in Appendix A and are carried in 
the array DPNAME. The array DRUTIL contains the departmental 
room utilizations, i.e. the percentage of the time per week 
that available rooms are scheduled for lectures. Room sche- 
duling at- the University of Toronto is managed by Central 
Room Allocation and the room utilization for each department 
v/as set equal to the G0% value experienced by this central 
group. The ability to differentiate betv/een the scheduling 
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efficiency of one department and another may be helpful for 
other institutions with disaggregate room scheduling. The 
length of the teaching v/eek for a particular department is 
supplied by the array TEAWK. Frequently classes of two or 
three people ai'^e instructed in a professor’s office rather 
than a tutorial room. Accordingly, the departmental room re- 
quirements for tutorial rooms are reduced by a certain percen- 
tage, stored in AMTOFF, which reflects how often this occurs. 
The array ASSIGN indicates how many rooms of the smallest size 
range are required by a department for conferences and special 
presentations beyond normal instructional requirements. 

BLDPRI - The main program next reads this array containing a 
list of buildings for each of the forty-seven academic depart- 
ments (refer to data in Appendix C) . The building numbers in 
the list correspond to those employed by the Physical Plant 
Department. When the computer searches for lecture rooms to 
satisfy a department’s needs, the first building on the list 
is examined, then each succeeding building is searched based 
on rules and assumptions stated in Section V. In general the 
building of first priority (first on the list) is the depart- 
ment’s home building, and the most neighbouring buildings are 
listed next. In this manner appropriate classrooms for sche- 
diTling a department’s lectures will probably be located close 
to a department’s academic offices. 

AVGISS - The requirements for lecture rooms are forecasted 
for five different sizes of rooms. Since the size ranges are 
relatively wide, it would be advantageous to know whether a 
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department required a room with a capacity closer to the upper 
or lower boundary of a size interval. For this reason the 
weighted average section size (AVGISS) for each interval was 
calculated from the enrollment data contained in the Presi- 
dent's Report. The expression used to calculate the 
average section size for a particular department and room size 
interval is; 

AVGISS = 2 (Hours/v/eek)j^ x (Section size)^^ / S (Hours/week)- 

■j • • 

1 1 

for all i subjects having class sizes in 
that room size interval. 

As an example, consider the data for the Department of Botany 
shown in Figure II-2, and choose the size interval of 60-100 
students. The subjects v/ith class sizes in this interval are 
Botany 100, Botany 110, Biology 310, and Botany 1?0. Therefore, 
AVGISS = ((2x7Zf) + (4x82) + (lx93) + (2x79))/(2'!-^i-+l+2) = = 8l 

The program v/ou” 1 search for lecture rooms in the interval 
60-100, but would endeavour to find the room closest in capa- 
city to 8l students. 

i) FACNAI4, NDPFAC - For the purpose of summarizing departmental 
information into faculty reports, the number of departments in 
each faculty (NDPFAC) and the names of these faculties (FACNAM) 
are read into the computer. 

After reading numerical values for the variables 
described under (a) to (i), the main program calls subroutines 
FACIL, ORCAST, UV/IDE, and MATCH for the specified number of 
simulation periods. Different options and reports are possible 
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depending on the values of the control parameters, Plov/ever, 
this discussion is left to Section VI. The main program also 
contains instructions v/hich control the calling of subroutine 
MATCH for several values of the seat utilization parameter SUTAL 
in order to achieve the best matching of required and available 
space. This function of the main program is described in 
Section V. 

The main program next instructs the computer to print 
several different reports from the information produced by the 
various program subroutines. The first series of reports out- 
line the forecasted departmental lecture room requirements, A 
typical departmental report is shown in Figure 7 of Section VI 
of the thesis. This report indicates the forecasted number of 
lecture room-hours for each room size range, the corresponding 
number of rooms required, and the va3.ues of the parameters in 
the relationships which calculate the number of rooms. In 
addition, the lecture rooms are listed that were found during 
the matching process to satisfy a department's needs. 

Reports of the forecasted space requirements for 
the faculties which contain more than one department are now 
printed. A sample report for the Faculty of Applied Science 
and Engineering is shown in Figure 9 of Section VI. The shor- 
tage or surplus of lecture rooms at the faculty level could be 
established by comparing room requirements to facilities avai- 
lable, in the faculty's buildings. 

This lecture room planning model accepts forecasts 
from the Enrollment Formulation Section of CAMPUS for up to 
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ten simulation periods. In addition to the reports which 
appear for each session simulated, a time series of the total 
University of Toronto lecture room requirements over several 
years is printed on a report shown in Figure Zf of Section VI. 
This information is a summary of the yearly university-wide 
matching report described under Section V.l. The values shown 
for each size interval represent the actual number of rooms 
short or in excess of requirements after comparison with the 
available university facilities. The effects on future lecture 
room requirements of varying decision parameters such as the 
length of the university teaching v/eek, lecture subject hours, 
and class sizes can be studied on this report. 

Figure l\. includes an indication of the construction 
cost for rectifying a shortage of lecture rooms. Land acqui- 
sition costs are not included in the cost equation. The main 
program calculates construction costs using the following 
relationship: - 

Example: Construction cost of tutorial rooms (size interval 

number one) 

CCOST(l) = COSTIN X ROMEAN(l) x AVGINT(l) x RMDIFF(1,1) 

v/here CCOST(l) = The construction cost of rooms of the 

first size interval (dollars) . 

COSTIN = The construction cost index in dollars 
per square foot, 

ROMEAN(l) = The average size of rooms built in the 

size interval 0-20 students, 

AVGINT(l) = The average number of square feet per 

seat for tutorial . rooms. 

RMDIFF(1,1) = The number of rooms required in size 

, interval one for the first simulation 
period. 
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While this is a relatively simple method of calculating costs, 

9 

it yields a reasonable initial estimate of constructing lecture 
room space. Eventually the requirements for lecture rooms, 
offices, laboratories, and associated service areas v/ill be 
summed to assist architects in designing and determining the 
size of a new academic building. During the initial planning 
stages, improved cost models for the various types of space 
will enable planners to evaluate if a building near the campus 
can be rented or purchased and converted into lecture rooms, 
offices, and laboratories more economically than constructing 
new facilities. As mentioned in Section VI the construction 
cost information is useful in estimating the relative savings 
expected for different space planning decisions. 
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III CALCULATING AND FORECASTING SPACE REQUIREMENTS 

Many interesting techniques for planning instruc- 
tional facilities on a short and long term basis have evolved 
from the myriad of universities in United States and Canada. 

The sophistication of these techniques depends on a number of 
factors including the institution's policies and goals, mana- 
gerial talent, size and complexity of the physical plant, 
available monetary resources, and the urgency of space prob- 
lems. To illustrate some popular and current approaches, the 
space planning methodology of three institutions is considered. 
The merits and dif ficiencies of their methods are examined 
rationally and in relation to the particular problems of the 
University of Toronto. Finally, the objectives and concepts 
of the lecture room space planning model developed for the 
University of Toronto are described. 

III.l University of Alberta 

The University of Alberta in Edmonton has developed 
a long range academic plan to explore the implications of an 
enrollment ceiling of approximately 18,000 students, esta- 
blished by the provincial government . The University's 

Academic Planning Committee has divided the enrollment. into 
forecasted quotas for each faculty and school. To calculate 
the space required for its academic plan, the concept of weekly 
student hours (WSH)was introduced. One WSH is defined as the 
workload resulting from one student attending a course that 
meets one hour per v/eek for the whole of the academic session. 
The WSH values for the quota enrollment in the various faculties 
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and schools were projected. A set of ’’net unit-area allowances” 
were produced by site and space consultants to convert the WSH 
projections into the number of square feet of space of dif- 
ferent types (i.e, classrooms, laboratories, offices, service 
areas) required by a department or division. The projections 
of net square feet for the 18,000 full time students are made 

o 

by combining the net unit-area allov/ances with the WSH values, 
and information on full time faculty enrollment and staff size. 
Several different ratios are employed to convert net square 
feet to gross square feet required. 

The Board of Governors of the University believe the 
estimates of space needs should be reasonably accurate, within 
10 percent or so. While this accuracy is probably the best 
that can be expected in planning buildings on any campus, the 
precise size, type, and number of classrooms, offices and labo- 
ratories is not given. The estimates of space needs calculated 
using net unit-area allowances cannot expect to be accurate if 
the mix of students in faculties change, or lecture and labo- 
ratory scheduling efficiency is increased, or the University 
teaching week is lengthened, or pedagogical methods in the 
various disciplines change. The importance of evaluating al- 
ternative space decisions and investigating increased utili- 
zation of the existing physical plant appears to have been 
underreckoned. 

^ ^ I • 2 University of Guelp h 

The University of Guelph generates an institutional 
enrollment prognostication v/hich is reviev/ed by the college or 
faculty deans to determine projections for these smaller units. 
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Next the department heads review the faculty projections and 
project student enrollment in the various disciplines and in 
the specific subjects of that discipline. Subject by subject 
projections are forecasted for, a period of usually five years. 

In addition, the department heads indicate the class sizes de- 
sired, number of subject sections, and the number of meeting 
periods per v/eek for each section. The rather extensive amounts 
of data are analyzed and tabulated using punched cards and data 
processing equipment. The departmental summaries of total hours 
required per week in classrooms and laboratories of each size 
and type are then produced. 

To convert the number of hours required by a depart- 
ment into classrooms and laboratories, the University of Guelph 
has adopted a planning standard of 28 hours per week daytime use for 
classrooms (at 67 percent station occupancy) and 20 hours per 
week for laboratories (80 percent station occupancy) . The uti- 
lization rates are divided into the departmental weekly hour 
totals to obtain the number and size of classrooms and labora- 
tories necessary to support the projected academic programs. 

Faculty and administrative staff, office space, residence space, 
physical education facilities, et cetera, are also calculated. 

The space requirements are then compared with available space 
to expose space deficiencies and assist in planning new con- 
struction or renovation. The University of Guelph has taken a 
physical inventory of all significant spaces on campus to faci- 
litate this comparison. 

Refraining from further detail on the Guelph system 
(References 6 and 15), it is clear their approach is the ultimate 
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one for achieving sound management and planning of the Univer- 
sity* s facilities. Unfortunately, the University of Toronto 

♦ 

is several times the size of the University of Guelph and at 
present unable to collect or cope with the detailed information 
required by the exactness of the Guelph methodology. The system 
for planning lecture facilities described in this thesis is a 
compromise between the detailed projections of the University 
of Guelph and the simple projection of net square feet, but 
. the philosophies of t,he University of Guelph study have been 
retained, 

II I. 3 University of Wisconsin 

A detailed and excellent study was completed in 
December, I966, at the University of Wisconsin for the United 
States Office of Education titled "A Methodology for Deter- 
mining Future Physical Facilities Requirements for Institutions 
of Higher Education." The methodology described in the re- 

port is portrayed in Figure III-l. The figure shows the re- 
lationships of a complete planning system for the many types 
of space. To predict classroom requirements, the investigators 
projected full time equivalent (FTE) enrollment and the number 
of v/eekly student contact hours (SCH) generated v/hen the FTE 
enrollment is distributed into the various courses and depart- 
ments. The number of square feet of classroom space required 
is calculated by applying a space factor as shown in Figure III-2. 
The University of Wisconsin uses .70 square feet/SCH which is 
a comparable factor to other institutions which plan in the 
same manner (eh g. University of Minnesota -«75 square 

feet/SCH.). The Wisconsin methodology is similar to the 
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FIGURE III 
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University of Alberta’s academic plan (i.e. WSH are equiva- 
lent to SCH) but the Wisconsin study stresses the importance 
of building and maintaining a detailed inventory of available 
physical facilities for comparison with the calculated space 
requirements. 

While the methodology of Figure III-l is sound, the 
projected space needs are expressed in total square footage 
only v/ith no disaggregation to the number of classrooms of 
different sizes required. Without this additional information, 
an architect designing a new academic building could include, 
say, three or four large lecture theatres, whereas several 
seminar rooms would more appropriately suit the class sizes 
desired by the departments about to occupy the building. Such 
an error v\fould be very costly to rectify. 

1.4 University of Toronto 

To calculate lecture room space requirements at the 
University of Toronto a new approach v;as developed incor- 
porating the following two basic objectives: 

(i) Predict the number of rooms required of several different 
sizes. 

(ii) Work at the level of detail provided by the CAMPUS model 
Enrollment Formulation section. 

In this manner the sizes of rooms required by various 
departments are specified for space planners, and by applying 
space factors the aggregate figure of total square footage re- 
quired at the University can be generated. 

The forecasted information from the Enrollment For- 




mulation section is contained in three arrays described under 
Section II ~ R0LEES, STR, and HL. The array STR provides the 
average class size for each academic year of each department. 
Some departments at the University (e.g. School of Archi- 
tecture) do not teach courses to students other than those 
in their own department. The average class size for these 
departments, therefore, indicat^es the size of room required. 
However, other departments (predominantly those in the Faculty 
of Arts and Science) instruct students of several other de- 
partments, and as a consequence the average class size indi- 
cated is meaningless for planning purposes considering the mix 
of different class sizes. To calculate space requirements for 
both these cases, tv;o different methods are used. 

Method I is shown in Figure III-3. The total num- 
ber of enrollees forecasted is divided by the average class 
size to yield the number of sections required. The number of 
weekly hours of instruction, is computed by multiplying the 
number of sections times the average number of hours/v/eek for 
a lecture subject. This requirement for room-hours is then 
inserted into a class size interval determined by the average 
class size. 

Method II is displayed in Figure III-Aj.. This method 
is employed when the class sizes are different for each sub- 
ject taught such as is shown for the second honours year of 
the Political Science and Economics department. The weighted 
average class size is not useful for indicating the size of 
room required in this instance. Instead, a distribution carried 
in the array DIST indicates what proportion of the enrollees can 
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METHOD I 



For calculation of space requirements when class sizes are 
the same . 

Example : Fourth year Dentistry. Source (I 4 ) Pg. I 48 . 



Subject Name 


No. of Sections 


No. of Students 


No. of Weekly 
Hours 


Dental Public Health 


1 


121 


1 


Oral Surgery 


1 


121 


1 


Orthodontics 


1 


121 


1 


Periodontics 


1 


121 


1 


Preventive Dentistry 


1 


121 


1 


Prosthodontics 


■ 1 


121 


1 


Operative Dentistry 


1 


121 


1 




7 


847 


7 



Values carried in the three arrays for fourth year Dentistry: 

POLEES r: 8^i7*0 
STR - 121.0 
HL =1.0 

Number of sections = 847 == 7»0 

121 “ 0 

Number of room-hours 

required = 7 • 0x1.0 = 7»0 

Size of room. 

required = 121 seats (i.e. a room of size interval 

100-180) 




Figure III-3 
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METHOD II 



•■- For calculation of space requirements v/hen class sizes vary. 



Example : 


Second 


Year Honours Political 


Science and 


Economics. 




Source 


(14) Pp. 


122-124. 








* 


A 


B 






Subject Name 


No. of 


No. of No 


.of Weekly 


Section Size 






Sections 


Students 


Hours 


(A/B) 


Accounting 


220 


1 


81 


2 


81 


Economics 


220 


3 


224 


9 


75 


Economics 


221 


1 


108 


3 


108 


Economics 


222 


1 


79 


3 


79 


Economics 


223 


1 


41 


3 


41 


Economics 


224 


2 


189 


6 


93 


Economics 2720 


4 


482 


8 


120 


Economics 


20 


1 


100 


2 


100 


Political 












Science 


220 


2 


120 


6 


60 


Political 












Science 


221 


1 


185 


, 3 








17 


WO9 


43 


Weighted 



average = 93' 



Values carried in the three arrays from the Enrollment Formulation 
section. 



ROLEES = 1609. 0 
STR = 93.0 . 

HL = 43. A7. =2.63 



i 




1 




E. 

X 






• 


Room Size 
(Students) 


Interval 

Mid-points 


Enrollee 

Distribu- 

tion 

DIST 


No. of 

Enrollees 

1609.0xD^ 


. No. of 

Sections 

EVc. 

1 1 


No . of 
Room hours 
F^x 2 . 63 


1. 

2. 

3. 

4. 
3. 


0-20 
20-60 
60-100 
100-180 
180 up 


10 

40 

80 

140 

230 


0.0% 

2.5% 
43 . 1% 
42.9% 
11 . 5% 


0.0 

41.0 

693.0 

690.0 

185.0 


0.0 
1.03 
8 . 66 
4.93 
.74 


0.0 

2.73 

22.95 

13 . 08 

1.96 

.rrr 



Figure III-4 
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be expected to require classrooms of each of the five chosen 
size ranges. As shov/n, the total number of enrollees predicted 
is multiplied by to yield the number of enrollees by size 
interval. To determine the approximate number of sections 
that v/ould have to be taught, the mid-points of the room size 
intervals v/ere selected as a standard class size and divided 
into Finally, the number of room-hours per v;eek is com- 

puted by multiplying the number of sections by the average 
number of weekly hours per lecture subject. 

The computer program decides which method v/ill be 
used by checking the value of the array ITEST for the parti- 
cular department and academic year being considered. 

The number of hours required in rooms of each size, 
whether generated by method I or II, are summed for each aca- 
demic year to obtain the department total. The department 
totals are added to produce a University wide report. The 
conversion from the number of room-hours into the number of 
rooms required by a department is accomplished by dividing 
by the departmental teaching v/eek length (hours) and by the 
departmental room utilization (percent) . 

Occasionally very few (one to five) students are en- 
rolled in a particular subject (especially graduate courses), 
and the professor may find it more expedient to teach classes 
in his own office rather than scheduling a tutorial room. 
Accordingly, the tutorial room requirements (size interval 0-20) 
will be reduced by a certain percentage (AMT0FF) to account 
for this facet of reality. In addition, if a department requires 
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a tutorial roorn(s) for special lectures, conferences, and 
other purposes above its teaching needs (specified by ASSIGN) , 
that department's tutorial room requirements are increased. 

The calculations described in this section are illus- 
trated on the ’Classroom Requirements - Model Worksheet' of 
Section VI, Part II « Simple hand calculations may be done on 
the chart for a full understanding of hov/ the forecasts of 
the number and sizes of rooms required are computed each simu- 
lation period. The flowcharts and listing of subroutine ORCAST, 
v/hich contains the Fortran language computer instructions for 
calculating classroom requirements, can be examined in Appen- 
dix B. The forecasted requirements generated by subroutine 
ORCAST are summarized in the departmental and faculty reports 
produced by the main program, and are passed along as input to 
subroutines UWIDE, MATCH, and SEARCH which match these require- 
ments against the available lecture room space. 
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IV AVAILABLE LECTURE ROOM FACILITIES 
Subroutine FACIL 

For proper planning and control of nev/ lecture room 
construction, university space planners require detailed in- 
formation concerning the facilities currently available. In 
addition, some flexibility is needed in order to evaluate 
the effect of different construction and renovation programs 
on the overall University of Toronto lecture room resources 
in the future. Subroutine ORCAST generates forecasts of the 
number and sizes of rooms necessary for each department for 
the next several years. A matching of these departmental re- 
quirements v/ith the space available near the departments (ex- 
plained under the description of subroutines MATCH and SEARCH 
in Section V) draws attention to the departments with the most 
crucial space needs. An examination of the computer output of 
subroutine FACIL (along with information from, the other sub- 
routines) v/ill assist planners in relocating a department 
near lecture rooms more suited to its desired class sizes, or 
indicate which rooms might be renovated or divided, or if new 
construction is inevitable, specify the number and sizes of 
lecture rooms the architect should include in the building. 

The program listing, overall flowchart, and detailed flowchart 
for this subroutine are contained in Appendix B. Figures 1/f 

and 15 of Section VI, Part III, show the reports produced by 
Subroutine FACIL. 

The data for the calculations of this subroutine 
are supplied in the form of a card deck 



as shown in Figure IV-1. 



FORiVIAT OF CLASSROOM DATA CARDS 



i 



*1 





5 
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One card is read for each existing or proposed lecture, 
seminar, and tutorial room. The specifications on existing 
classrooms are obtained from a magnetic tape file containing 
all the rooms in the University of Toronto's physical plant^." 
Proposed classrooms can be included in the data deck by perio- 
dically checking Physical Plant Department drawings of future 
buildings. The precise meaning of each of the variables des- 
cribing a room is outlined belov/. 

The building name (BLDG), and the building number 
(NBLDG) identify the location of the room on campus (see list 
of Physical Plant Departments' codes for major academic buil- 
dings - Appendix A) . 

The room number (NROOM) is the number on the door 
of the room, and if the room has tv/o differently numbered 
doors, generally the lower number is used. 

The number of seats in the room (SEATS) is simply 
the sum of the seats bolted to the floor. However, v/here 
moveable seats are present and often shifted about among 
rooms, the proper number of seats becomes the number the 
room will reasonably hold without overcrowding. 

If a room has been assigned for the exclusive use 
of a department by Central Room Allocation, that department's 
number (NODEPT) is placed in columns 3^ to 3^J otherwise the 
department number is zero. 

Some lecture and seminar rooms (particularly those 
with tables and chairs) are used part of the time as con- 
ference rooms, computation laboratories, etc. The number 



I 






'i 



- 39 " 



i 



of weekly hours (NRES) that the room is utilized for these 
special purposes is contained in columns 37 38 of the 

data card. There are fev/ multi-f unction rooms now, but the 
ability to recognize the part-time use of a room for lectures 
is important considering the trend towards multi-function 
space - e.g. the combination laboratory-lecture rooms designed 
for the University of Toronto's Scarborough College,. 

The updating code (NUPDTE) indicates v/hether a room 
will be included in the list of available classrooms for a 
particular session. 

The square footage (SQFT) is the area of the room in 
square feet as measured by the Physical Plant Department. 

The room assignment check bit of column 30 is ex- 
plained later in the description of the operation of subroutines 
MATCH and SEARCH. 

The final field on the data card contains the number 
of the faculty (NFAC) in whose jurisdiction the room lies. A 
report of the lecture rooms available for each Faculty (or 
School or College) could be generated if room scheduling were 
done by each Faculty. 

The classroom data deck v/as prepared from a lecture 
room facilities report composed by the Department of Statis- . 
tics and Records and is listed in Appendix C, pages 1-3. 

Subroutine FACIL compiles and prints a list of the 
classrooms available during each simulation period by exami- 
ning the room updating code of each room in the data deck. 

The updating code comprises three digits, the latter tv/o digits 
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indicating a year number. If the Physical Plant Department 
is planning to rent, buy, or construct additional lecture 
room space, the first digit of the updating code is one. For 
example, if a room updating code of 169 is specified, the pro- 
gram adds this room to the list of available lecture rooms in 
the session 1969-“i970. Similarly, if a building is scheduled 
for demolition or sale in, say, session 1970-71, the lecture 
rooms in that building carry an updating code of 270. Occasio- 
nally lecture rooms are renovated to improve lighting, black- 
boards, et cetera. The assumption is made that lecture room 
renovation does not take longer than one academic session; 
therefore the program temporarily removes a room from the lec- 
ture room inventory for a session when an updating code begin- 
ning v/ith three (e.g. ^68) is found. A room updating code of 
000 indicates no plans exist to change the status of that room. 

The partial list of rooms for session 1967-68, shown 
in Figure lAf of Section VI, is self explanatory except for the 
last column. As a measure of the utilization of lecture room 
space, the number of square feet per seat for each room in the 
University is calculated and averaged over all rooms. The de- 
- viation of the number of square feet per seat for each room 
from the average is reported in the last column of the computer 
printout. This information enables one to pinpoint space that 
is not well utilized assuming the average value as a standard. 
Subroutine FACIL also computes some statistics of interest to 
space administrators for the lecture rooms of each room size 
range. Figure 15 of Section VI summarizes the number of rooms. 
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seats, room-hours, and square feet available in classrooms 
of each different capacity range. The average number of 
square feet per seat for rooms of each size range is calcu- 
lated, and as might be expected, the value of 16.9 square 
feet per seat for tutorial rooms is much higher than the 
large lecture theatres because of the higher percentage of 
aisle space in a small room. The mean room size for the 
available rooms in each size interval is also printed on the 
report. Both the mean room size and the average number of 
square feet per seat are used in calculating the cost of new 

lecture room facilities. 

The information on available space generated by 
subroutine FACIL is passed on to other subroutines of the com- 
puter program which compare requirements for rooms against the 
available lecture rooms. 
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V MATCHING REQUIRED SPACE AGAINST AVAILABLE SPACE 

Once the departmental lecture room space require- 
ments have been generated, the next step in the planning pro- 
cess is a comparison against available facilities for the par- 
ticular point in time. Answers must be obtained for important 
questions which arise: 

(i) how much of the required space exists already, 

(ii) are the correct sizes and types of space located 
near departments re qu'*' ring this space. 

(iii) can a shortage of spav •) be rectified by conversion 

of some underutilized existing space to a new function. 

(iv) how much space must be obtained from new construction 
or rental of nearby space o 

(v) what will the acquisition of space cost. 

The computer program sums the space requirements of all de- 
partments and compares them agains;, the University* s lecture 
room facilities. The ensuing report indicates aggregate 

a 

shortages or surpluses in terms of room-hours and number of 
rooms. Further departmental reports are produced to show 
the adequacy of classrooms near that department for ful- 
filling its needs. The reports and analyses that assist in 
answering the above questions are explained in the follov/ing 
sub-sections. 

V . 1 University-wide Level 

The university-wide matching report for lecture 
room facilities is shown in Figure 1 of Section VI. Such 
a report is generated for each term or session simulated. 

.The information and the report are produced by subroutine 
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UWIDE (refer to listing and flowcharts in Appendix B) after 
the departmental requirements and room availabilities are as- 
certained. For each room size interval, the total shortage 
or surplus of room-hours and rooms are shov/n. 

First consider the upper section of the report for 
rooms. The difference between the total number of rooms avai- 
lable and the total number of rooms required is calculated. 

A negative differential indicates a shortage of rooms of that 
size; a positive differential indicates an overage. As men- 
tioned in Section VI, the aggregate implications of different 
policy decisions on lecture rooms may be indicated on the re- 
port. The five room size intervals should be treated as unique 
room planning intervals; however, it may be more desirable to 
employ larger rooms to satisfy a shortage in the smaller size 
intervals than to construct several small classrooms. Natu- 
rally, if not sufficient classrooms of the largest size are 
available, the only resorts are to construct the required 
number of rooms, or reduce section sizes which involves costs 
in providing additional staff and office space. Subroutine 
UWIDE evaluates whether a room shortage in a size interval 
can be fulfilled by a surplus of rooms in size intervals above 
that interval. Refer to Figure 1 of Section VI for illus- 
tration of this point. The shortage of 31»3 tutorial type 
rooms of the first size interval (0-20 students) can be satis- 
fied by 5*4 rooms of the second size interval, 25.6 rooms of 
the third, and 0.3 rooms of the fourth size j.nterval. In the 
real system this amounts to scheduling classes of size 0 to 
20 students in the larger rooms. The percentage of seats 
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occupied will drop, but the costs of underutilizing the space 
may be less than the construction of new facilities. The actual 
overage or underage of lecture rooms of each size range after 
the matching process is shown in the centre of the page. In 
this instance the University has a surplus of 18.0 rooms of the 
fourth interval and a surplus of 16.1 lecture theatres. 

A further possible means of fulfilling lecture room 
shortages is to subdivide or Join rooms. For example, suppose 
we required two rooms of size 0 to 20 students and had one ex- 
tra room of size 20-60 available; the extra room could probably 
be partitioned to provide two rooms of size 0 to 20, thus ful- 
filling the shortage. Similarly a shortage of, say, one room 
of size 100 to 180 students could be satisfied by removing a 
wall between two adjoining rooms of capacity 60 to 100 to form 
the larger room. The computer program does not manipulate the 
information on Figure 1 to evaluate this possibility. However, 
the analysis of available space provided by subroutine FACIL 
and architectural surveys may indicate to space planners where 
conversion or renovation of existing facilities is feasible to 
fulfill classroom shortages in this manner. 

The lower part of the university-wide report, outlines 
the number of hours required in classrooms of each size range. 

The total room-hours in the 'Required' column is a summation 
of the room-hour requirements of the forty-seven academic de- 
partments. The total number of room-hours in the 'Available' 

I 

column is established by considering each of the existing class- 
rooms available for thirty-five hours (the average teaching week 
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for the University) less any hours restricted for special pur- 
poses beyond departmental lectures. These tv/o columns are 
matched to yield any excess or shortage of room-hours, as 
shovm in the *Dif ferential’ column of Figure 1 of Section VI. 
The room utilization or the percent utilization of the weekly 
available room-hours is now calculated. Illustrating from 
Figure 1 for the first size interval: 

Room utilization = ~ x 100% = ^ = 119.3% 

where X = required number of room-hours 
Y = available number of room-hours 



Obviously a utilization this high cannot be reached. In fact 
the maximum expected room u’’’ilization at the University of 
Toronto with the existing scheduling sophistication is about 60%. 



Few universities have a utilization appreciably higher than ours 
because of the complexities and difficulties of time-tabling. 

Our calculated room utilization is 119.3 ~ 60.0 = 39.3% above 
the utilization that Central Room Allocation can reasonably ex- 
pect to attain. This value is shown in the * Deviation from Ex- 
pected Utilization* column. There foi*e, the available number 
of room-hours must be adjusted by an index which reflects the 
utilization differential, namely: 



119.3% 

“go%“ 



1.99 



The actual number of room-hours required to satisfy demand becomes 



1833 1.99 = 3688.6 room-ho-urs* 



The expected shortage of room-hours is 

3688.6 183^.0 =: 1833.6 room-hours. 

This shortage is reported as a negative value in the ‘Expected 
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Overage or Underage’ column. The deficit of 1833.6 room-hours 
is much higher than the shortage of 338.2 room-hours indicated 
by a straight matching of requirements and availabilities. 
Similarly for the second, third, fourth, and fifth size inter- 
vals on Figure 1 of Section VI, the expected excess number of 
room-hours is less than shov/n under the ’Differential' column 

because the University of Toronto can only schedule to a room 
utilization of 60%. 



The expected surplus or shortage of room-hours can 
be convei-'ted into a surplus or shortage of rooms of each size 
interval by dividing by the length of the University teaching 
week (33.0 hours in our example report). However, the ’Dif- 



ferential’ column for rooms on Figure 1 of Section VI does not 
correspond -completely to the number of rooms calculated from 
the ’Expected Overage or U-'derage» column. The required num- 
ber of rooms in the size range 0 to 20 students is reduced 

slightly by the parameters AMTOFF and ASSIGN as described under 
Section III.i|. 

To complement the planning information displayed on 



the university-wide matching report, an analysis of each de- 
partment’s space needs is undertaken. The departmental matching 
process is described below. 



Departmental Level, 

The matching of available lecture room facilities to 
requirements for space at the departmental level is controlled 
by subroutines MATCH and SEARCH . Basically, the routines 
examine the rooms available in buildings near each department’s 
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academic and administrative offices, then follov/ing certain 
rules and restrictions select appropriate rooms to fulfill 
departmental requirements, and finally compute and print in- 
formation on the matching process. The flowcharts and program 
listings for subroutines MATCH and SEAKCH are contained in 
Appendix B. 

Before describing the matching procedure it is useful 
to review the form of each department’s room requirements. A 
distribution of the number of rooms required in each of the 
five chosen size intervals is supplied as inj^ut data to sub- 
routine MATCH. In addition, for each department and every size 
interval the weighted average of the class sizes taught per 
week is computed. These veighted averages are stored in the 
array AVGISS (IDPT, INTRVL) and indicate the capacity of room 
that should be chosen in each size interval to satisfy a depart 
ment’s room requirements. Since the departmental requirements 
are forecasted in five unique room size ranges, subroutine 
MATCH endeavours to satisfy the requirements of all depart- 
ments for the first size interval, then loops back and repeats 
the process for the next size interval, and so on. Thus the 
follov/ing description of the operation of subroutines MATCH 
and SEARCH for one size interval applies to the matching of 
rooms in all size intervals. 

In order to properly evaluate how adequately the 
myriad of room sizes on this campus satisfy the requirements 
of departments located in buildings scattered over the campus, 
the follov/ing procedures v/ere programmed into the model: 
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1. The departmental requirements are matched sequentially 
(in the order of the list of departments in Appendix A) . 

2. The program tries to satisfy v/hole number room require- 
ments only. For example, if a department requires 3-3 
rooms of a certaixi size per week, three rooms would be 
matched from the available facilities. The treatment of 
fractional room requirements v/ill be discussed subsequently. 

3. Only one room at a time is matched in order to prevent a 
department from fulfilling its requirements while another 
department is unable to find rooms. In other words, if 
two or three departments are housed in the same building, 
before a second room is assigned to one of the departments, 
a search for one room for each department (requiring at 
least one room) must have been completed. 

If.. The list of five buildings (the array BLDPRI) is searched 
in order from the first building to the fifth. Generally 
the first building contains the department's offices and 
staff, and the remaining buildings are closest geographi- 
cally to the first. 

3. The fifth building on the list is specified as ZERO for 
all departments. The ZERO indicates to the program to 
search for any remaining rooms in the University rather 
than in a particular building. The user has the option of 
selecting this feature by setting the parameter NPRIOR. 

6. The buildings of second, third, fourth, and fifth priority 
on a department's list are not examined until the second, 
third, fourth, and fifth iterations respectively through 
all the departments. The program alv/ays starts at the 
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first building on the list. 

?• If the room requirements of all ’departments in a size 

interval have been matched, the program transfers to the 
next room size interval. 

8. A count of the number of rooms matched in a size interval 
is maintained. If this count equals the number of rooms 
available, the program transfers to the next size interval. 

The matching procedure described above is shown in 
the floy/chart of Figure V-l. 

When subroutine MATCH calls subroutine SEARCH to 
find a suitable room, the following arguments are supplied 
in the calling statement: 

INTRVLjIJ - these indices identify the particular room size 

range under concern. * 

IDPT - the department number, 

ICOUNT - a building counter. 

FOUND - an indicator as to v/hether a room has been located. 

ITERAT - searching iteration number. 

A search is conducted in the buildings on the list of the de- 
partment indicated for a room in the size interval specified. 

The overall flowchart for subroutine SEARCH, contained in 
Appendix B, portrays the searching operation. The goal of 
this module is to ascertain if any room in the size interval 
is available near the department’s academic offices. This 
goal is based on the assumption that students and staff should 
not have to venture back and forth across campus for their 
lectures. As an a3.d in determining which room in an interval 
is most appropriate, the weighted average class size is employed 



MATCHING PROCEDURE FOR ROOMS 
OF A PARTICULAR SIZE INTERVAL 
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in a calculation of the seat utilization that may be expected 
in a room. The search proceeds as follows: 

1 . Examine the list of available lecture room facilities se- 
quentially until the particular building being searched 
is found. 

2. For lecture rooms that are available on a full time basis 
(i.e. NRES =0.0) and have not been assigned to a depart- 
ment on a previous search (i.e. LCHECK = 0), compute a 
value of seat utilization by dividing the average class 
size by the capacity of the rooms. 

3. From the group of possible rooms select the one in that 
interval that has a computed seat utilization less than 
or equal to 100% but closest to 100%: otherv/ise choose 
the room v/ith a seat utilization above 100% and closest 
to 100%. 

if. If a suitable room is found, store the value of seat 

utilization computed, set FOUND =1.0, and tag that room 
as assigned (LCHECK = 1) to the department under con- 
sideration (LODEPT = IDPT). 

5. If a room is not found, FOUND is set equal to 0.0. 

6. Program control is transferred back to subroutine MATCH. 

An important point to recognize here is that the 
seat utilization value calculated by subroutine SEARCH ds 
not the same as the usual concept of seat utilization, i.e. 
the number of seats occupied during a lecture as a percentage 
of the seats available in the room. Without enrollment fore- 
casts at the subject level, we cannot compute the seat occupancy 
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of a room. Figure V-2 shows a typical departmental distri- 
■bution of class sizes in the room size range 60-100 students. 

By weighting by the number of hours per week that a particular 
class size is taught, we can determine the average class size 
of 78 students for this interval. The capacities of selected 
lecture rooms are compared to this average and seat utilizations 
computed (some of which may be greater than 100%). A room of 
size 78 or greater (i.e. computed seat utilization less than 
or equal to 100%) would be chosen for this, department; only if 
no such room exists, is a smaller room than 78 seats (i.e. com- 
puted seat utilization greater' than 100%) selected. By this 
procedure, we can expect a high seat occupancy for departmental 
classes that will fit in the room, and the best match of a lec- 
ture room requirement in the size interval 60 to 100 to the 
available rooms. In the real system, class sizes that are too 
large for the room selected will be scheduled in a larger lec- 
ture room. It can be seen from Figure V-2 that in the limit 
as room capacity approaches 100 students, 100% of the class 
sizes taught by this typical department could be scheduled in 
the room. However, the percentage of class sizes that will fit 
in a room of capacity less than 100 students cannot be calculated 
because of the lack of subject by subject enrollment forecasts. 
Consequently, this program is limited to matching a room re- 
quirement to any room in tne size interval. The use of the 
departmental weighed average class sizes enables the program 
to distribute rooms of many different sizes to the departments 
best suited for these room sizes. The matching information 
generated is therefore more meaningful using the weighted 
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average class size factor. 

A sample departmental report shov/ing the planning 
information provided can be found in Section VI -■ Figure 7« 

The requirements for the Department of Zoology are stated in 
terms of the number of room-hours and the number of rooms in 
each size interval. The effect of varying the parameters 
shown is explained in Section VI. Subroutines MATCH and SEARCH 
have found three rooms to match the three (whole number) rooms 



required. Observe that a room of ^size 98 students was located 
in Sidney Smith Hall juxtaposed to Zoology’s home building - 
Ramsay Wright Laboratories. This information indicates first, 
that a room of size 60 to 100 students v/as not included in 
the planning of the building even though 27.6 teaching-hours 
per week involve class sizes of this range, and second, Central 



Room Allocation may schedule these lecture room-hour require- 
ments in Sidney Smith Hall. The seat utilization values speci- 
fied on the report are the computed values explained^ previously. 
Any unsatisfied room requirements after the matching process 
are reported. However, in our example report only fractional 
requirements are remaining. 

On completion of the lecture room matching process 
for all departments, subroutine MATCH calculates and prints 



information on the utilization of space and the effectiveness 
of the match. A listing of the rooms remaining in a central 
pool of rooms, and sub-tota3.s of the number of rooms and the 
number of seats unmatched in each size interval is printed in 
the format shown in Figures 16 and 1? of Section VI. Since only 
whole number room requirements are matched, all departments 
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must satisfy their fractional room requirements (and any un- 
matched whole number room requirements) from the lecture rooms 
remaining in this central pool. This assumption implies stu- 
dents and staff may be required to travel a substantial dis- 
tance for a few lectures, although realistically Central Room 
Allocation would endeavour to schedule these few classes geo- 
graphically proximate to a department’s home offices, subject 
further to the scheduling goal of high seat occupancy. The 
total departmenta], unsatisfied room requirements are compared 
to the available central pool of rooms, and a shortage or ex- 
cess calculated as shown in the ’Differential' column of 
Figure 17. 

As a further indication of the results of the matching 
process the following three percentages are computed: 

(i) OVERSU - As previously explained, a value of seat 

utilization is computed to gain a relative measure of 
how the room capacity suits the class sizes of a depart- 
ment. As a room is identified as suitable for a depart- 
ment, the seat utilization value for that room is stored 
in the computer’s memory. When the matching process has 
been completed for all departments, the average value of 
seat utilization is calculated for matched rooms of each 
size interval. These values are then averaged to obtain 
the overall seat utilization OVERSU. The upper portion 
of the computer printout displayed in Figure V-3 shows 
a value of 95-0^ for OVERSU-. 

(ii) EFFMAT - If the room sizes in a particular geographic 
zone on campus are not appropriate for the class sizes 
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of departments in that zone, or if simply an insuf- 
ficient number of rooms are available to meet depart- 
mental requirements, the computer program v/ill be unable 
to match all the requirements to available facilities. 
For each size interval the sum of the whole number room 
requirements of all departments is compared to the num- 
ber of rooms matched or found and a matching efficiency 



calculated where: 
Matching efficiency = 



Number of rooms matched 



Number of rooms to be matched 



X 100% 



The overall matching efficiency EFFMAT is the average 
of the matching efficiencies by size interval. An 
example report is shown in the centre of Figure V-5 
where EFFMAT = 77.2%. 

(iii) EFFSAT - Figure 17 of Section VI shows the comparison 
of the total departmental unsatisfied room requirements 
to the available central pool of rooms. In addition to 
the * Differential' column, subroutine MATCH calculates 
for each size range the percentage of the rooms require.d 

% 

that are satisfied by the remaining lecture rooms, 

, Rooms remaining in the 

i.e. Percentage satisfxed = Central Pool x 100% 

Total unsatisfied room require- 
ments 

(.If this percentage is greater than 100%, it is set 
equal to 100%) . 

The average percentage satisfied EFFSAT is calculated 
from the values for the five size intervals and is re- 
ported as shcv/n in Figure V-^. 
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As illustrated and described in Example 5 of Part III 
of Section VI, v/e may investigate searching for a room slightly 
larger than the upper boundary' of the size interval under con- 
sideration. For example, if we are unable to locate a room of 
capacity 0-20 students, we may satisfy the requirement in that 
interval by extending our search to include, say, rooms of capa 
city 0-25* The upper boundary is adjusted by multiplying by 
100.0/SUTAL where SUTAL is a parameter less than or equal to 



IGO.O and represents the reduction in seat utilization that will 



be tolerated. For illustration purposes, a sample calculation 
is shown belov; where SUTAL = 80%: 

Original interval Expanded interval 

Size (students) 0 to 20 0 to 20 x 100 or 0 to 25 



Computed seat utili 
zation (using upper 
boundary as a base) 



X 

20 



X 100 = 5X% 



^ X 100 = ifX% 

25 



- v/here X is the v/eighed average section size 
AVGISS for some department in the first 
size interval. 



Reduction in computed _ ^qq _ (5X-4X) ^ ioo% 
seat utilization ~ 5X 

=: 100 - 20 % 

=: 80% of the original value. 

When we expand size intervals in this manner, v/e can 
expect the average seat utilization to drop for rooms matched 
in each interval and hence the value OVERSU to decrease. 

However, by employing the larger intervals sul routine SEARCH 
may satisfy a room requirement hitherto unfulfilled. Conse- 
quently the matching efficiency by size interval and the overall 
average EFFMAT will increase. The statistic EFFSAT will increase 



r 



1 



:r ' 

or decrease depending on the room size intervals chosen for 
this planning model, the class sizes desired by the academic 
departments, and the capacities of existing lecture rooms. 

From the results at the bottom of Figure 17 of Section VI, 
it can be seen that the unsatisfied room requirement for size 
interval 0 to 20 will probably decrease when larger size inter- 
vals are used because there is a surplus of rooms in the other 
size intervals. In turn EFFSAT will most likely increase. We 
hypothesize that there is an optimal value of SUTAL which, 
w'hen the intervals are expanded, will produce a high value of 
EFFMAT and EFFSAT without an unreasonably low value of OVERSU. 

To test this hypothesis, the sura SUMMAX v/as formed v/here, 

SUMAX = EFFSAT + EFFMAT + OVERSU. 

The value of SU14MAX is reported as shown at the bottom of 
Figure V~3* Each of the three percentages was v/eighted equally 
since there v/as no clear reason for weighting otherwise. The 
parameter SUTAL is varied by the computer instructions of the 
main program in an attempt to maximize SUMMAX. A program con- 
trol parameter SSTOP described in Table I of Section VI pro- 
vides the option of selecting a particular value of SUTAL or 
allowing the computer to run through a sequence of values. 

The results of some experiments performed to analyze the effects 
of varying SUTAL on the matching process are shown in Figure V-if 
and tabulated in Figure V-3* 

Figure V-A(a) indicates the best match of available 
rooms to requirements occurs when SUTAL = 1 . 00 % or the room size 
intervals are unchanged. Subroutine SEARCH has examined up to 




A 



SUMMAX SUMSIAX SUMMAX 
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100.0 



—I 

95.0 

SUTAL (%) 





■H- 

86.0 





Figure 4 
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Data for Graphs Plotted in Figure V-if. 



NPRIOR 


SIJTAL 


SUMMAX 


OVERSU 


EFFMAT 


EFFSAT 




80.0 


251.5 


72.1 


91.2 


88.3 




85.0 


250.7 


7 A .0 


91.0 


85.7 


a)4 


90.0 


258.5 


82.3 


91.0 


85.2 




95.0 


267.0 


9 A .7 


87.6 


8 if .7 




100.0 


277. A 


10 A. 3 


91.0 


82.1 






b )3 


90.0 

95.0 
100.0 


256.3 
257.6 

257.3 


85.8 

9 A. 3 
95.0 


83.8 

77.2 

77.2 


86.6 

86.1 

85.2 




85.0 


248.0 


82.0 


77.1 


88.9 


c )2 


90.0 


250.9 


85.7 


76.7 


88.5 




95.0 


249.7 


95.0 


66.7 


88.1 




100.0 


249.7 


95.8 


66.7 


87.3 




Figure V-5 
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four buildings (NPRIOR = 4) fulfilling the room require- 
ments for each depaf'tment . The matching efficiency is quite 
high after searching through the four buildings, so that any 
expansion of the room size ranges will cause the seat utili- 
zation to drop rapidly v/hile the matching efficiency may change 
only slightly. This phenomenon can be seen in the tabulated 
values of Figure V-5(a). Very *flat' curves resulted from the 
experiments performed for NPRIOR equal to 2 or 3* ^fhe maximum 
value of SUMMAX is obtained for a value of SUTAL less than 100 %, 
as shown in Figure 4(b) and 4(c). When fewer buildings are 
searched, a department’s room requirements initially may be 
only partially satisfied, and as the room size ranges searched 
are v/idened (i.e. SUTAL decreased) the overall matching effi- 
ciency increases to a greater degree than the drop in overall 
seat utilization. As the three factors OVERSUj EFFMAT, and 
EFFSAT are weighted equally, a reduction in SUTAL below ap- 
proximately 83% causes SUMAX to decrease rapidly since EFFMAT 
approaches 100 % but OVERSU continues declining towards 0 %. 

In matching departmental room requirements to 
available space, space planners may run experiments as des- 
cribed above and in Section VI. A review of the reports pro- 
duced each simulation period will assist them in evaluating 
the difficulties in loading projected enrollment into available 
lecture room facilities. As a further aid in the planning pro- 
cess, the final report produced by subroutine MATCH indicates 
the percentage of rooms matched in each building. This per- 
centage is the proportion of rooms available in a building 
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> 



tagged as suitable for satisfying some department’s require- 
ments. The report is shown in Figure 13 of Section VI. A 
low percentage implies that the room capacities in a building 
do not correspond closely to the class sizes taught by de- 
partments housed in that building, and/or unmatched rooms remain 
in that building. The information from this report could be 
used in conjunction with the departmental matching reports 
and reporcs of other types of space (i.e, academic offices, 
laboratories, et cetera) to assist planners in relocating a 
department in a more suitable building on campus. 
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SECTION I INTRODUCTION 



The C.A.M.P.U.S. simulation plann’ing model under development 
at the University of Toronto provides information for the 
analysis of problems facing university administrators and planners. 
One of the main sections of the C.A.M.P.U.S. model is the space 
requirements module. This section bears the acronym S.P.A.C.E.S. 
(Space Planning Analysis by Computer Evaluation and Simulation) 
and will contain detailed models for projecting and analy 2 ':ing 
the requirements for lecture rooms, laboratories, academic offices, 
administrative offices, and the many types of supporting space 
(residences, eating facilities, physical education facilities, and 
so on) . Currently SPACES consists of a detailed model for lecture 
room space only, although programming of the computer models for 
the other types has begun. 

The increasing enrolment at the University of Toronto (nov/ 
over 27,000 full-time and part-time students) , expanding research 
activity, and continually changing curricula are straining the 
institution's limited space capacity. The University must 
carefully manage and utilize its existing physical plant and plan 
systematically for renovation of existing facilities and 
construction of new facilities. The lecture room space planning 
model described herein provides information which assists space 
administrators in the planning of lecture room facilities for the 
proliferating student body and the ever-changing mix of class sizes 



1/ Judy, R. W. and Levine, J. B., A New Tool for Educational 
Ad ministrators , University of Toronto Press, 1965. 
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It forecasts departmental classroom or lecture room requirements 
and compares the available rooms to these requirements. Various 

experiments can be run on the model to evaluate alternative space 
planning decisions. 

Section II of this report contains a simplified model 
worksheet to help the reader to learn how the model calculates 
classroom requirements. 

Section III describes how the requirements are compared 
against available ].ecture rooms, and illustrates the various 
computer reports. In addition, typical planning decisions are 
simulated and the results analyzed. It is hoped from this brief 
orientation that the reader will gain insight into the model's 
operation and its use, as well as an appreciation of the 
information to be provided by planning models for other types of 
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SECTION II SIMPLIFIED MODEL WORKSHEET 

This section describes an orientation model developed to 

show how the computer uses the lecture room planning model to 

calculate classroom requirements. This orientation model is 

similar in structure to the orientation model illustrating the main 

2 / 

features of C. A.M.P . U..S ; it is a revision of the classroom 
requirements section of that orientation model. The model worksheet 
of this report begins after the enrolment formulation section 
described in OIR-6. Like the simplified C.A.M.P.U.S. model the 
worksheet contains only two academic years and two departments. 

It is a simplified but accurate picture of how the computer model 
operates for all academic years of the multitude of departments 
at the University of Toronto. The enrollee totals and the 
parameter values chosen are hypothetical and for illustration 
purposes only . The reader niay follow the worksheet and observe 
the sequence of calculations performed by the computer. In 
addition, very simple hand calculations can be performed and the 
results inserted. 

Two methods of calculati.ng classroom requirements are shown. 

The first method is illustrated by the computations for Department 1. 
If a particular academic year had a constant class size, one 
could schedule all the classroom hours required per week in a 
room equal to that class size. To perform the simple arithmetic, 
multiply or divide the variable generated by the previous 



£/ OIR-6 Orientation Examples Showing Application of the C.A.M.P.U.S 



Simulation Model. B. L. Hansen and J 



Barron, Dec. 1966. 
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computation by the parameter in the dotted box. For example, 
the humber of first year sections in Department 1 equals the 
first year enrollees-^ divided by the average class size^ 
i.e. 1960 f 40 = 49 sections 

The second and more realistic method is illustrated on the 
worksheet by the calculations for Department 2. For example, if 
there are many different class sizes taking the subjects offered 
in the first year by Department 2, we must break the total number 
of enrollees forecasted into the number of enrollees taking 
classes in each room size range. Dividing this result by the mid- 
points of the room size interval yields the number of sections in 
rooms of each size. The classroom hours required are then 
calculated by mu3.t.i plying the number of sect' -^ns in each room 
size interval by the average number of hours per week taught per 
subject. For both Departments 1 and 2, the number of rooms 
required is computed by dividing by the length of the departmental 
teaching— week and then by the departmental room utilization 
parameters. This latter value reflects the university's ability 
to utilize its capacity. 

In the simplified example, the gross classroom requirements 
(number of rooms) have been calculated for each department and 
then summed for the university. The reader should obtain the 
same values if the methodology is followed and the computations are 
done correctly. 

V An enrollee equals one student taking one subject. Alternative 
terms sometimes used are subject-students or student-subjects. 
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! LENGTH (HOURS) I 



I CMJ 



' GROSS CLASSROOM 
} requ«em:*:nt3 

IN ROOM-HOURS 

j DEPT.I. 

i 0-20 STUDENTS 

■ M'WI 20-60 - 
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SECTION III EXPERIMENTS ON THE MODEL 



The computer program contains several parameters V7hich 
control the possible options and experiments. These parameters, 
their meanings, and their uses are explained in Table 1, The 
resource implications of various administrative decisions are 
simulated by the model and illustrated in the following pages. 

The initial conditions are shown in Figure 1 and the initial values 
assigned to main parameters are as follows: 

BINT(INTRVL) = 

0. to 20. 

20 , to 60 . 

60. to 100. 

100. to 180. 

180. and over 

COSTIN = $20.00/sq. ft. 

DRUTIL(IDPT) =• 6 0.0% 

IBEGIN = 66 
lEND = 66 
NINTI = 5 
NPRIOR = 4 
RUTIL = 60.0% 

SKIP =0.0 
SSTOP =0.0 
SULOW = 60.0% 

SULOWD = 100.0% 

SUTAL = 100.0% 

TEAWK(IDPT) = 35.0 hours 

THIS = 10.0 

UTEAWK = 35.0 hours • 
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Example 1 Format of Basic University-Wide Report 

Figure 1 is a university-wide report comparing forecasted 
lecture room space requirements in each size interval 
(summed over all departments) with the space available at the 
university. There are three sections to the report. At the top 
of the page the total number of rooms available is matched 
against the total number of rooms required and a differential is 
calculated. A negative differential indicates a shortage of 
rooms of that size; a positive differential indicates an excess. 

A shortage of 31.3 tutorial rooms is indicated in Figure 1. 

However, small classes may be taught in large rooms (but not 
vice-versa) ; therefore, in practice we may satisfy this shortage 
of 31.3 rooms by allocating tutorial classes to rooms in the 
higher size ranges. Naturally the seat utilization in these 
larger rooms will be quite low. The exigencies of the current 
situation may demand this. Further, such a redistribution of 
space may be more desirable than incurring the costs of 
constructing more rooms of size 0. to 20. The centre section of 
Figure 1 evaluates and reports the realities of space 
deficiencies if small classes are to be taught in larger rooms. 

The lowest section compares forecasted space requirements 
calculated as room-hours versus room-hours available by size 
interval. The utilization of room-hours is calculated and compared 
to the utilization that can be attained with the present 
scheduling efficiency of the university. 
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For example, suppose 1000 room-hours are available in a 

certain interval and 720 ^^^om-hours are required. Then, 

Required Percent Utilization = 720 x 100% = 72% 

1000 

Further, suppose the actual percent utilization possible 

through the existing loading and scheduling system is 60%, then, 

the available room-hours must be adjusted by an index which reflects 

the utilization differential, namely 

72% = 1.2 
60% 

And, the actual number of room-hours required to satisfy demand is 
1000 X 1.2 = 1200 room-hours 
The shortage of room-hours is 

1200 - 1000 = 200 room-hours 

This shortage is reported in the "Expected Overage or Underage" 
column of the "Room-Hours" section of the report. 
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Example 2 Increase in Length of Teaching Week 

4 

Suppose we desire to investigate the effect on lecture room 
requirements of a • forty-hour teaching week rather than the 
present thirty-five hours (9 to 1 and 2 to 5 o'clock, 5 days a week.) 

Set UTEAWK = 40.0 and set the array TEAWK(IDPT)= 40.0 

(Assume all departments have the same teaching week length) . 

The output shown in Figure 2 indicates a drop in the 
forecasted rooms required over all size intervals resulting from 
the longer teaching week. The number of room-hours required 
remains the same but the availability of room-hours increases 
thereby helping to reduce a shortage such as exists in the size 
range of 0. to 20. This reduction in the forecasted total rooms 
required would reduce the magnitude and cost of the lecture room 
building program. When evaluating the proposal, this saving in 
construction costs could be compared against any additional costs 
such as higher remuneration for teaching staff, higher maintenance 
costs, et cetera. 

Graph 1 shows the relationship of room requirements to the 
university teaching week length for each lecture room size 
interval. The reduction in room requirements through a longer 
teaching week can be read directly off the graph. 
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Graph I. 



VARIATION OF FORECASTED ROOM REQUIREMENTS 
WITH TI-IE UNIVERSITY TEAd-HNS Vt/EEK 
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Example .3 Increase in Room Utilizati’on 

Consider now a proposal for a more sophisticated (perhaps 
computerized) lecture-room scheduling system. Increased 
scheduling efficiency v/ill improve the utilization of existing 
rooms and reduce the requirements for rooms. If the new 
scheduling system is expected to increase room utilization by, 
say 10%, we change the model room utilization parameters to 70% 
from the present room utilization of 60%. 

Set RUTIL =70.0 and 

the array DRUTIL(IDPT) = 70.0 (Assume all departments have 

the same room utilization) . 

Figure 3 illustrates the drop in the forecasted total rooms 
required and an improved position in the expected overage or 
shortage of room-hours. The influence of different values of 
room utilization on room requirements has been simulated and the 
results are plotted on Graph 2, 

Suppose we wish to examine the long teirm effects of 
increased room utilization. The program produces the report 
shown in Figure 4. This report is a summary of the university room 
requirements over several years. In addition, a rough indicator 
of the cost involved in building lecture room facilities is reported. 
The numbers in Figure 4 are representative only since detailed 
enrolment forecasts for the next several years are not 
available yet (a 2% increase in the number of enrollees in each 
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department was assumed each simulation year) ^ and the room 
inventory was constant (no rooms constructed) . Figure 4 
illustrates a control report with the University teaching 
week length equal to 35.0 hours and room utilization equal to 60.0 

The long-run effects of increasing room utilization to 70% 
can be seen in Figure 5. There is not only a reduction in the 
number of rooms required but the University will not have a 
shortage of rooms until 2 years later. (Compare 1969-70 in 
Figure 4 to 1971-72 in Figure 5) . The estimated construction 
cost saving is 29% (684,000 dollars) which, even as a rough 
estimate, demonstrates the return on a relatively small percentage 
increase in scheduling efficiency. 
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Example 4 Increase in Length of Teaching Week and an 
Associated Improvement in Room Utilization 

Several parameiters may be varied simultaneously to investigate 
the effects and inter-relationship of several space management 
decisions. For example, suppose an expected increase of 10% 
in room utilization is combined with a longer teaching week of 
40 hours. 

Set UTEAWK == 40.0 

Set RUTIL = 70.0 

Set the array TEAWK(IDPT) =40.0 

Set the array DRUTIL(IDPT) = 70.0 

The combined results are shown in Figure 6. The forecasted 
total rooms required are lower than in Figures 2 or 3. A 10-year 
simulation could be run, and would show a much improved position 
over Figure 4 . 

As a further indication of the information generated by 
the model, consider the departmental report shown in Figure 7. 

This is a typical departmental report which details the number of 
hours required in lecture rooms of each size and the number of 
rooms required per v/eek. If a department requires more than 
one room of any size, the programme ' searches through the 
department's home building and neighbouring buildings for rooms 
of the correct size and type. This searching is performed’ 
on the premise that professors and students of that department 
would prefer lecture rooms in the appropriate size range available 
near the department's offices rather than to have to move back 
and forth across the campus. Figure 7 shows the three rooms 
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V, 

(one. of each size range) that were tagged as suitable for 
Zoology's requirements. These rooms may be used by Central Room 
Allocation when scheduling lecture space for Zoology since these 
rooms correspond in size to the average class sizes in Zoology. 

If rooms of appropriate size are found for a department , they 
are subtracted from the number of rooms required to give the 
unsatisfied room requirements after matching. The seat utilization 
specified for the rooms located is computed by dividing the average 
class size of a department in a size interval by the size of room. 
The room with a computed seat utilization of closest to 100% 
is chosen. 

The effect of a departmental room utilization increase of . 

10% and a longer teaching week of 40.0 hours is shown in Figure 8. 
Note that the Zoology department no longer requires a room in 
"the third size range. The unsatisfied room requirements 
(fractional requirements) are scheduled from any rooms remaining 
in the central room pool. The search for the correct size of 
room near a department's offices is done only for whole numbers 
of rooms. 

The departmental information shovzn on Figures 7 and 8 is 
summed to produce part of the information shown on the university- 
wide matching report. However, space requirements are summed 
at the Faculty level also, and a typical Faculty report 
(35.0 hour teaching week and 6 0.0% room uti.lization) is shown 
in Figure 9. 
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Example 5 Varying Seat Utilization Parameters 



The program endeavours to find lecture rooms to match or 
satisfy whole number room requirements for each department in 
each size range. For example, the Zoology department requires 
a room capacity of 60 to 100 students (see Figure 7) , so the 
program confines its search to rooms only of that size' range. 

A suitable room was found in a neighbouring building - Sydney 
Smith Hall. 

Suppose we wish to investigate whether a slightly larger 
room than 100 seats is available in a department's home building. 
The size interval upper end points are adjusted by SUTAL which has 
an initial value of 100.0% in Figure 7. Expansion of the size 
interval reduces the seat utilization we would expect for classes 
occupying the room because a larger size room is used to fulfill 
a room requirement normally satisfied by the size range of 
60 to 100 seats. An example will illustrate this point. If the 
seat utilization parameter SUTAL = 65%, the program searches 
for a room of capacity 60 to 153 students (100 times 100/65 = 153). 
Figure 10 shows the result. A room with a capacity of 150 was 
found in Zoology's home building. Of course, the average seat 
utilization that may be expected is quite low (i.e. 53.7%) 
because v/e would normally allocate this room to class sizes in 
the 60 to 100 range. 

In general, relaxing the tolerance on seat utilization 
below the desired level of 100% (i.e., expanding the room size 
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intervals) will cause the computed seat utilizations for matched 
rooms to be lower. However, by using the slightly expanded size 
intervals the program will be able to achieve a better matching 
of room requirements against available facilities. Departments 
that could not find a room in a particular size range might find 
a slightly larger room close to its academic offices. If this 
is so the percentage of rooms matched versus the number of rooms 
to be matched will be greater. 

Figure 11 (SUTAL = 100%) is an output of the average seat 
utilization and matching efficiency for rooms of each size 
interval. Note that the average seat utilization may be larger 
than 100% as it is in the room size interval 180 to 999. The seat 
utilization concept of this computer model differs slightly from 
the usual connotation of seat utilization which is the number of 
seats occupied as a percentage of available seats. For our purposes 
the analysis proceeds in this way. A particular department could 
have several different class sizes requiring room-hours in a room 
of size 180 - 999 . To account for this we compute a weighted _ 
average of the class sizes in each room size interval for each 
department. Suppose, for example, the weighted average of the class 
'sizes for a department is 250. The capacities of rooms available 
to a department in the size interval 180 — 999 are compared to this 
number and values of seat utilization (250/capacity x 100%) are 
computed to obtain a re3.ative measure of the goodness of fit of 
each room to the class sizes to be taught by that department in 
that room size interval. The room with a value of seat utilization 
closest to 100 percent (though perhaps > 100%) is chosen. It may be 
that some classes will not fit in the room; this problem is resolved 
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in the real system by scheduling the larger classes in a larger 
room. This particular program is limited to determining if any 
room in a size interval is available near a department's offices 
to fulfill a room requirement in that size interval . The computed 
value of seat utilization is a further aid in deciding which room, 
of perhaps several in the interval, corresponds most closely to 
the class sizes taught by that department. 

We may wish to know if an improved matching of room 

V 

requirements and lecture room facilities at the departmental 

level is possible by expanding the size intervals slightly. 

For instance, if the model is run with SUTAL = 65.0, the 

situation changes to that shown in Figure 12. The building 

search routine has found suitable rooms for all departments 

requiring rooms in the first three size intervals, and high 

matching efficiency in the remaining two size intervals. However, 

the overall seat utilization for matched rooms has dropped to a 

lower level. Experiments with many different values of SUTAL 

may be run to find a desired combination of matching efficiency 

and overall seat utilization. 

• * 

The objective of the departmental matching process is to 

provide a quantitative assessment of the extent to which classrooms 
of the proper size are available to meet the mix of class sizes 
conducted by the academic departments. Rooms are tagged as 
suitable for scheduling a particular department's lectures. The 
computer program tabulates these tagged rooms and also the rooms 
which may be too small or much larger than the requirements of 
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the departments in that building. The percentage of rooms 
tagged or matched in each building is ’reported as shown in Figure 13. 
These percentages indicate the utilization of lecture-room space in 
a building. A high percentage means the room.s are suitable for 
the class size m,ix of the departments housed in the building; a 
high seat utilization would result if the departmental room 
requirements are fulfilled by these rooms. This report could also 
be used in conjunction with the departmental matching report and 
reports of other types of space to assist planners in relocating a 
department in another building on campus. 
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Example 6 Physical Facilities Reports - Lecture Rooms. 

The computer program compares the forecasted requirements 
for lecture rooms with the lecture rooms available for each 
year simulated. One of the program subroutines updates the list 
of lecture rooms for each session by: 

(1) deleting rooms which are being razed in that session 

(2) temporarily removing any rooms being renovated 

(3) adding rooms scheduled for construction in that session. 
A complete list of the rooms available for an academic session 

is printed in the format of Figure 14. This report contains the 
following information: 

Building name and number 
Room number 

Number of seats in the room 

The affiliation of the room to a faculty and/or department 

Number of hours of restricted usage 

Square footage of the room 

Number of square feet/seat in a room 

Deviation from the average number of square feet/seat 
for all rooms. 

It may be that a particular lecture room has a reduced open 
capacity because a certain number of hours/week are reserved for 
conferences, laboratories, or other special purposes. The 
number of ho'*'’rs I'eserved is entered in the restricted hours 
column to indicate that lecture room is reserved for this amount 
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of time per week. The final column on the report is used to 
evaluate if a room corresponds to current standards for square 
feet/seat. A very large positive deviation indicates poor 
utilization of the space and possible need for renovation to meet 
the standards. 

A summary of information contained in Figure 14 is shown 
in Figure 15 for rooms of each size range. If a new academic 
building containing several lecture rooms were to be proposed, 
the overall increase in university lecture room resources would 
be shown here. 

During the matching process some rooms are found unsuitable 
for the requirements of departments near these rooms. These 
rooms remain in a central pool of rooms and are used to schedule 
any unmatched departmental room. requirements . Both students 
and staff m„ay have to walk further for classes, but the overall 
un.iversity seat utilization should be greater since departments 
with class sizes close to the room capacity will be scheduled 
in these rooms rather than in unsuitably small or large rooms 
in their own building. A partial listing of the unmatched 
available rooms is shown in Figure 16. A summary of the 
information for these rooms is given in Figure 17. The unmatched 
or unsatisfied room requirements are summed over all departments 
and compared to the rooms remaining to determine any excess or 
shortage by room size interval. Experiments on the model which 
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LECTURE ROOMS REMAINING IN .THE CENTRAL ROOM POOL AFTER 'lATCHiNG FIGURE 16 
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affect the requirements for rooms (Examples 1-4) and the 
matching efficiency (Example 5) influence the reports shown 
in Figures 16 and 17. Therefore, this report extends the 
analysis of the implications of space planning decisions. 
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SECTION IV OTHER APPLICATIONS 

The foregoing investigations and experiments are just a few 
of the lecture room space planning decisions that may be assessed 
by the S.P.A.C.E.S. simulation model. For one example, if the 
number of room size intervals (NINTl) were increased, a new set 
of experiments could be run. For another, the search for rooms 
to fulfill a department's requirements could be restricted to that 
department's home building (NPRIOR = 1 ), then to include the 
nearest building (NPRIOR = 2 ) , and so on, evaluating the extent 
to which that department's need for rooms is satisfied at each 
step. Also, the recent Macpherson Commission Report on under- • 
graduate instruction in the Faculty of Arts and Science recommends 
a reduction in the number of classroom hours per week, and greater 
use of the small lecture-discussion classes of not more thar> thirty 
students. The implications of the proposals set forth in the 
report on present and future lecture, seminar, and tutorial room 
space could be simulated. Lecture room space that is currently 
poorly utilized could be identified, and the feasibility of partition 
ing a room into smaller modules of capacity thirty students could be 
studied. A simulation planning model for laboratory space is under 
development V7hich will be able to evaluate the ramifications of the 
•Macpherson Commission recommendations on laboratories. 

This brief report illustrates computer-assisted techniques 
which may be applied to space planning, and the types of management 



ERIC 






7 



- .44 



information that could be provided to assist university 
administrators and planning committees in decision-making. 

Also, it may help university personnel to understand more fully 
the space planning problems of this large and complex university. 
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VII C ONCLUSION 

This lecture room planning model is an improvement 
and expansion of the elementary conceptual reports of the 
Space Requirements Section of C.A.M.P.U.S. More comprehensive 
planning information is provided. With the insertion of real 
rather than hypothetical data into the model, the reports dis- 
play fact rather than conjecture, and are more meaningful to 
University administrators. Recent administrative decisions 
typify an increasing awareness of the problems of space manage- 
ment and planning, and an interest in the simulation model ap- 
proach in evaluating alternative decisions. The Office of 
Institutional Research is currently developing detailed planning 
models for other types of space such as instructional labora- 
tories, academic and administrative offices, residences, and 
libraries. The Physical Plant Department is engaged in buil- 
ding and maintaining a perpetual inventory of the University's 
physical facilities. Space standards and space planning fac- 
tors provided from the inventory data will be used in the com- 
puter planning models. In add.ition, a Committee on Resource 
Planning has been formed by the President. The terms of refe- 
rence of this committee include the investigation of increased 
utilization of existing space, and more systematic evaluation 

and planning of nev/ facilities. 

The thesis program runs on the Institute of Computer 
Science IBM 7094-11 installation in approximately one minute 
per simulation period. Since the 3.ecture room section occupies 
almost all of the available core storage (32K words) of the 
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computer, successive models for other types of space v/ill 
have to be overlayed. Presently, the lecture room model runs 
separately from the main CAMPUS program which requires the 
machine *s nine tape units. The Office of Institutional Re- 
search has not decided whether to integrate the space plan- 
ning models or run them separately using a data tax->e and/or 
punched cards produced by the main CAMPUS program. To facili- 
tate integration into the structure of CAMPUS, the same variable 
names have been used for arr- /s v/hich contain information pro- 
duced by the Enrollment Formulation Section. The Institute 
of Computer Science is planning to install further IBM System 360 
equipment which will provide much greater core storage capacity 
and simplify the complex nature of the overlaying of the many 
CAMPUS routines. 

It is hoped that the information generated by this 
thesis project will be of special use to institutions deve- 
loping formal space management and planning programs^ parti- 
cularly those which contemplate the use of the computer. 
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UNIVERSIO?Y OF TORONTO 
LECTURE ROOM PLANNING MODEL 

ACADEMIC DEPARTMENT CODES 



Arts and Science: 

1. Anthropology 

2. Astronomy 

3. Botany '' 

4* Chemistry 

5. East Asian Studies 

6. Fine Art 

7. Geography 

8. Geology 

9. History 

10. Islamic Studies 

11. Italian and Hispanic Studies 

12. Mathematics 

13 . Philosophy 

14 . Physics 

15« Political Science and Economics 

16. Psychology 

17 . Slavic Studies 

18. Sociology 

19 . Zoology 



University College: 

20. Classics 

21. English 

22. Ethics 

23 . French 

24 . German 

23 . Near Eastern Studies 



Applied Science and Engineering: 

26. Chemical Engineering 

27 . Civil Engineering 

28. Electrical Engineering 

29 . Industrial Engineering 

30 . Mechanical Engineering 

31 . Metallurgy and Materials Science 

32 . Aerospace Studies 



33 * School of Architecture 
34 - School of Business 
35 . Institute of Child Study 
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36. Institute of Computer Science 

37. Faculty of Dentistry 

38. Dental Hygiene 

39* Faculty of Food Sciences 
ifO. Faculty of Forestry 

41. Faculty of Law 

42. School of Library Science 

43. Faculty of Music 

44. School of Nursing 
43. Faculty of Pharmacy 

46. Physical and Health Education 

47. School of Social V/ork 



The follov/ing Faculties and Colleges were coded as follov/s: 



Faculty Code 



Faculties or College 



Departments 



1 

2 



Arts and Science 

University College 

Applied Science and Engineering 



1-19 

20-23 

26-32 



3 
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UNIVERSITY OF TORONTO 
PHYSICAL PLANT LEPARTKENT CODES 

MAJOR ACADEMIC BUILDINGS BY NUMBER 



1. University College 

2. Hart House 

3. Library 

/f. Medical and Anatomy Building 
3. Medical Sciences Building 

6. Humanities Library 

7. Mining and Mill Building 

8. Metallurgy and Wallberg Building 
9- Old Physics Building 

11. Botany Building 

14. Ontario College of Education 

13. Household Science Building 

16. Banting Institute 

17. Royal Ontario Museum 

2G. Electrical and Mechanical Building 
23. Hygiene Building 

27. Forestry Building 

28. School of Architecture 

31. Innis College 

32. Nev/ College 

33. Sidney Smith Hall 
36. School of Nursing 
38. School of Business 
40 . Laiv Building 

30. Extension Division 

31. Edward Johnson Building 

32. Best Institute 

33. Institute of Child Study 
61A. Borden Building 

62. Erindale College 
64. Scarborough College 

63. Dental Building 

67. Superintendent’s Building 

68. Benson Building 
70. Galbraith Building 

72. Ramsay Wright Laboratories 
73* Lash Miller Laboratories 
77. Sussex Court 
78 a. Nev/ Physics Building 
79. Pharmacy Building 
83A. Library Science 
83B. Library Science 
100. Royal Conservatory of Music 
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Name 

AMIDPT 

AMT0FF 

# 

ASSIGN 

AVGINT 

AVGISS 

AVGSQF 

BBLDG 

BEST 

BINT 

BLDG 

BLDPER 

BLDPRI 



GLOSSARY OF VARIABLE NAI4ES 



Meaning Maximum 

The midpoints of the lecture room size 
intervals. 

A departmental percentage used to reduce 
a department’s room requirements in the 
smallest size interval, recognizing that 
a certain % of these small classes are 
taught in professors* offices. 

A departmental array used to add rooms of 
the smallest size range to a department's 
requirements if rooms are required for con- 
ferences and other uses beyond the depart- 
ment's teaching space needs. 

The average number of square feet per 
sea.t in each lecture room size interval. 

The average section (class) size for each 
department in each room size i*ange. This 
number is the weighted average of the 
various class sizes that contribute roomi- 
hours to that particular size interval. * 

The average number of square feet per seat 
for all lecture rooms in the University, 

Name of a University building in the sub- 
inventory of lecture rooms. 

The minimum value of the array SUTILZ, and 
representing the room v/ith a calculated seat 
utilization closest to but not equal to 100%. 
BEST is calculated v/hen no suitable room of 
less than 100% seat utilization is found. 

The room size interval end points. 

The name of a University building in the 
complete lecture loom inventory. 

The percentage of lecture rooms in a buil- 
ding tagged as suitable to fulfill a de- 
partment's room requirements. 

An array containing for each department a 
list of up to five building numbers. The 
first building is the building of first 
priority for satisfying the department's room 
requirements (usually the building where the 
department is located) . The second building 



Dimension 

( 7 ) 

( 100 ) 

( 100 ) 

( 7 ) 

( 100 , 7 ) 

(250) 

( 8 ) 
(250) 

( 100 , 5 ) 
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Name Meaning Maximum Dimension 

is next in priority and usually the most 
neighbouring building, and so on. A buil~ 
ding number of ZER0 indicates a search villi 
be made for appropriate rooms anyv/here on 
campus . 

CC0ST “ The computed construction cost of lecture (7) 

rooms ixi each size interval. 

CINT - The size interval end points adjusted by a (8) 

factor of 100.0/SUTIL. 

C0STIN - Academic building construction cost index. 

S/square foot. 

C0ST0T - The total construction cost of building the 
required lecture room facilities. 

CPDEV - The deviation between CPRMS and UNSATI in (7) 

number of rooms for each size interval. 

CPRMHR - The number of room-hours still available in (7) 
rooms of each size interval in the central 
room pool after the matching process. 

CPRMS - Th number of rooms in each size interval re- (7) 

maining in the central room pool after the 
matching process. 

CPSEAT - The number of seats remaining in rooms of (7) 

each size interval left in the central room 
pool after the matching process, 

CSQFT - The number of square feet of lecture room (7) 

space required by the University in each 
size range. 

DEVIAT - The deviation of the statistic SQPERS. from (2^0) 

the average number of square feet/seat for 
all University lecture rooms. 

DIFFER - For each room si.ze range, the difference be- (7) 
tween the total number of room-hours re- 
quired by all departments and the total 
number of room-hours available in University 
lecture rooms. 

DIFFRI''! - For each room size interval, the difference (7) 
betv/een the total number of rooms required 
by all departments and the .total number of 
lecture rooms available on campus. 
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' Name 
DINT 

DIST 



Meaning Maximum Dimension 

The size interval end points adjusted by (8) 

a factor of 1OO.O/SUL0WD. 

An array containing a distribution repre- (250,7) 

senting the percentage of the forecasted 

total number of enrollees, for a particular 

department and academic year, in each lecture 

room size range. An input distribution is 

not supplied v;hen a department's class sizes 

are all in one size range, as the average 

class size is used. 



DPNAME - The name of a department. 

DRTJTIL - Departmental room utilization. 

EFFMAT - The matching efficiency attained averaged 
over all size intervals. 



(100, Zf) 
( 100 ) 



EFFSAT ~ The percentage of unsatisfied room require- 
ments fulfilled by rooms remainj.ng in the cen- 
tral room pool averaged over all size inter- 
vals . 



FACHRS - The total number of room-hours required by 
size interval for each Faculty. 

FACNAM - The names of the Faculties for which summary 
reports are given. 

FACRI'^S - The total number of rooms required 

in each size interval for each Faculty. 

F0UND - An indicator whether a room has been found 
during the matching process to satisfy a 
department's room requirement. 

” 0.0, no room has been found. 

If F01JND = 1.0, a suitable room has been 
found. 

HL - The average number of hours/v;eek/subjBCjt 
' for each academic year of each department. 

HRDEV - The deviation of HRUTIL from the average 
University room utilization. 

HRLACK - The actual excess or shortage of room-hours 
by size interval based on the deviation 
from the expected average University room 
utilization. 

HRUTIL - Room-hour utilization by size interval 
(TRMHRS/RMHRTgf) * 100 percent. 



(20,7) 

( 20 ,^) 

(20,7) 



( 100 , 9 ) 

(7) 

(7) 

( 7 ) 



Name 

lACA 

IBEGIN 

icgfmT 

lEND 

INITl 

INIT2 

ISIMYR 

ITERAT 

ITEST 

LBLDG 

LCHECK 

LFAC 

L0DEPT 
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Meaning Maximum 

The maximum number of academic years in a 
department. For the University of Toronto 
this number is 9 ~ 3 general years, 5 honour 
years, and 1 year for graduate studies. 

The beginning year of the simulation anal- 
ysis, e.g. 66 for 1966. 

A variable representing the number of buil- 
dings searched fox' rooms to satisfy a depart- 
ment *s needs. The program starts to search 
first through the department * s home building 
(IC0UNT = 1), then on to the most neighbouring 
building (IC0UNT = 2), and so on until 
IC0UNT = ITERAT. 

The final simulation year. 

The lov/er year number in a given session, 
e.g. Session 1967-68, INITl = 67. 

The upper year number for a given session. 
INIT2 = INITl + 1. 

Integer equivalent of SIMYR. 

A counter representing the number of it(e- 
rations through the list of departments the 
program has completed in the search to satisfy 
departmental room requirements of a particular 
size. 

A variable that is tested to see if a distri- 
bution of enrollee breakdown is input fox' a 
given department and academic year. 

If ITEST = 0, a distribution is not present. 

If ITEST ”1, a distribution is supplied. 

Number of a University building in the sub- 
inventory of lecture rooms. 

A variable to check if a room in the sub- 
inventory of lecture rooms has been assigned 
to a department. 

If LCHECK = 0, the room is not assigned yet. 

If LCHECK = 1, the room has been assigned. 

The faculty number in the sub-inventory of 
rooms. 

The department number in the sub-inventory 
of lecture rooms. 



Dimensj.on 



( 100 , 9 ) 

(250) 

(250) 

(250) 

(250) 



Name 



LN35S 

LR00M - 
LUPDATE - 
MATCHE - 
MR0UND - 

NBLDG - 
NCHECK - 

NDIST - 

NDP 
NFAC 
NFACUL - 
NINTl « 
NINT2 - 
N0DEPT - 
N0INCP - 
N0TFND - 
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Meaning Maximum 

The number of hours of restricted 
usage for rooms in the sub-inventory 
of lecture rooms. 

The room number for rooms in the sub- 
inventory of lecture rooms. 

The updating code associated with rooms 
in the sub-inventory of lecture rooms. 

The total number of rooms to be matched 
in each size interval. 

The number of the matching process cur- 
rent3.y being performed by the optimi- 
zation routine. 

The University of Toronto Physical Plant 
Department building number. 

A check bit to see if a room has been 
assigned to a department. 

If NCHECK = 0, the room is not assigned. 

If NCHECK = 1, the room has been assigned. 

The total number of distributions supplied 
to modify the enrollee totals for the aca- 
demic years of all departments. 

The number of academic or teaching depart- 
ments in the University. 

The faculty number associated v/ith a 
lecture room. 

The number of faculties for which sum.mary 
reports are printed. 

The number of lecture room size intervals 
being considered. 

The number of size interval end points. 

NINT2 = NINTl + 1. 

The department number associated v/ith a 
lecture room. 

The total number of rooms remaining in the 
central pool of rooms. 

An indicator set equal to 1 if rooms v/ere 
found to fulfill a department's requirements. 

If no suitable rooms were found, N0TFND = 0. 



Dimension 

( 250 ) 

( 250 ) 

(250) 

( 7 ) 

( 250 ) 

(250) 



( 250 ) 



*3 
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Name Meaning Maximum 

N0TMAT - The total number of unmatched rooms in 
each size interval. 

NPRI0R - The number of buildings in the building 

priority lists for the various departments, 

NRES - The number of weekly hours of restricted 
usuage for a lecture room. If a room is 
used 9 hours a week as a lab or conference 
room then NRES = 9 for that room. 

NR00M - The lecture room door number. 

NTAG - The total number of lecture rooms in the 

sub-inventory of rooms generated by the 
updating routine for a particular Session. 

NT0TAL - The total number of rooms in the lecture room 
inventory. This includes rooms projected for 
construction in future years, rooms being re- 
novated, and rooms that are being torn down 
in the future. 

NUPDTE - Lecture room updating code. 

NUPDTE = 000. Indicates no change in room 
status. The room is included in the 
sub-inventory each year. 

NUPDTE = 167. "1” indicates addition. 

Add the room to the lecture room inven- 
tory in the session indicated by the last 
two digits (i.e. Session ^ - 68). 

NUPDTE = 270. The ”2" indicates the razing 
of a room in a particular session. 

Delete the room in the session 70 - 71. 
NUPDTE = 368. The "3” indicates the room is 
to be temporarily removed from the lecture 
room inventory for that session. The 
assumption is made that it never takes 
longer than one session to renovate a room, 

0VERSU - The overall average of the computed seat uti- 
lizations for matched rooms. 

PERMAT - The percentage of rooms matched versus the 
number of rooms to be matched for each size 
interval. 

PERSAT - The percentage of unsatisfied room require- 
ments of each' size fulfilled by rooms of that 
size remaining in the central room pool. 

REMRMS - The unsatisfied room requirements for a given 

department and size interval after the matching 
process has been completed. 



o 

ERIC 



Dimension 

—If W illi ■i n ,! m w m mm 

( 7 ) 

(?-50) 

(250) 

(250) 



( 7 ) 

( 7 ) 

( 100 , 7 ) 



Name 



Maximum Dimension 



RMDIFF - An array containing the values of the 
DIFFRM array over all the years simu- 
lated. 

RMHRS - The number of room-hours required by 
a department in each room size inter- 
val. 

RMHRT0 - The total number of room-hours avai- 
lable in rooms of each size range. 

RMSASN - A running count of the number of rooms 
matched in each size interval during 
the matching process. If this number 
equals the number of rooms available 
of a particular size, the program 
ceases to match rooms of that size. 

RMT0T - The total number of University lecture 
rooms of each size range available. 

RMT0TC - The total number of lecture rooms of 
each size range available using the 
adjusted size intervals. (Use end 
points CINT instead of BINT). 

RMT0TD - The total number of lecture rooms avai- 
lable in each adjusted size range. 

(Use end points DINT instead of BINT). 

R0LEED - The number of enrollees in each room 
size interval after multiplication of 
the array R0LEES by the array DIST. 

R0LEES - The number of enrollees in each academic 
year for each department. 

R0MEAN - The mean number of seats in lecture 
rooms of each size range. 

R0MHRS - The number of room-hours required for 
a given department and academic year. 
Calculated using an average class size, 
and added to the number of room-hours 
calculated using enrollee distributions. 

R0UND - Real equivalent of MR0UND. 

BR00MS - The number of lecture rooms required by 
a department in each room size interval. 



( 10 , 7 ) 

(100,7) 

(7) 

(7) 



(7) 

(7) 

(7) 

(250,7) 

(100,9) 

(7) 

(100,9) 



(100,7) 



- 125 - 



Name 

RTSIZE 

RUTIL 

SEAT0T 

SEATS 

SIMYR 

SKIP 

SQFT 

SQFT0T 

SQPERS 

SSEATS 

SSQFT 

SST0P 

ST0REU 



Meaning Maximum 

■ The maximum value of the array SUTILZ, 
representing the room v;ith a seat uti- 
lization closest to but not greater 
than 100% « 

- The average room utilization attained 
by the University with its present 
scheduling sophistication. 

“ The total number of lecture room seats 
available in each room size range, 

• The number of seats in a lecture room, 

- The number of academic sessions simu- 
lated, 

- A program control parameter. 

If SKIP = 0,0, the complete program 
is executed. 

If SKIP = 1.0, subroutine MTCH is not 
executed, and the departmental 
matching reports are not printed. 

- The area of a lecture room in square 
feet, 

- The total square footage available in 
lecture rooms of each size interval. 

- The number of square feet/seat in each 
lecture room. 

- The number of seats in a room in the 
sub-inventory of lecture rooms, 

- The square footage of a room in the sub- 
inventory of lecture rooms, 

- A program control parameter. 

If SST0P = 0.0, the matching optimization 
routine is suppressed and the user 
must supply a value of SUTAL, 

If SST0P = 1.0, the optimization routine 
starts at SUTAL and searches for the 
best match,, decreasing SUTAL by THIS 
on each iteration, 

-• An array used to store the value of seat 
utilization computed when a room is 
matched with a department* s needs. 



Dimension 



(7) 

(250) 



( 250 ) 

(7) 

(250) 

(250) 

(250) 



(250) 
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' Meaning 

STR - The forecasted class sizes in each 
academic year of every department. 

SUL0W - The lowest tolerable level of overall 
University seat utilization. 

SUL0WD - Seat utilization parameter for the 
University-wide matching process. 

Used to adjust the room size interval 
end points. 

SUMMAX - The sum of EFFSAT + EFFMAT + 0VERSU. 
This variable is maximized in the 
matching process optimization routine. 

SUSIZE - The average seat utilization attained 
in each room size interval after the 
matching of room requirements to avai- 
lable rooms. 



Maximum Dimension 
(100,9) 



( 20 ) 



(7) 



SUTAL - Starting seat utilization for the 
matching process. 

SUTIL - Seat utilization parameter used in the 
matching process when SST0P = 1.0. 

SUTILZ - An array used to store computed seat 

utilizations when searching for rooms. 

TEAWK - Departmental teaching week length (hours) . 

THIS - Seat utilization decrement in the optimi- 
zation routine for the matching process, 

T0TALA - The total number of available lecture 
room seats on the St. George Campus. 

T0TALB - The total square footage of lecture room 
space on the St. George Campus. 

T0TALC - The total number of room-hours available. 

TRMHRS - The total number of room-hours required 
in each size interval. 

UNSATI - The total unsatisfied room requirements 
in each size range. Includes fractional 
requirements and unmatched rooms. 



UR}4S 



The total number of lecture rooms re- 
quired by the University in each size 
interval. 



(250) 

( 100 ) 



(7) 

(7) 

(7) 



11 er|c 



7 
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Name Meanin g Maximum Dimension 

UTEAWK - The University average teaching 
week length (hours) . 

XASIGN - The number of lecture rooms in a 
building matched to departments* 
needs. 

XC0UNT - The number of lecture rooms in a 
building. 






4 



i 



hErIc 



L 




i ( 



Contents: 
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APPENDIX B 



Meaning of symbols used in program 
flowcharts 

Skeleton of the CAMPUS model space 
requirements section 

Diagram of the overall program structure 

Overall subroutine flowchart, detailed 
logic flov/chart, and progra.m listing for: 

- the main program 

- subroutine FACIL 

- subroutine ORCAaST 

- subroutine UWIDE 

- subroutine MATCH 

- subroutine SEARCH 




o 



MEANING OF SYMBOLS USED IN PROGRAM FLOWCHARTS 



75< — Statement Number 

Processing 



I^l 

— 




Logical IF statement 



Comments 



•REAL 



75 <- 



Format number 



Read statement 





Page connector 



'To' statement connector (e.g. transfer 

from this page ^ position A on page M3) 



'From' statement connector (e.g. from page S4 
to statement number 99 on this page) 




Enter or return from a subroutine. STOP 
and END statements. 



MP - Main program 
F - Subroutine FACIL 
0 - Subroutine ORCAST 



U - Subroutine UWIDE 
M - Subroutine MATCH 
S - Subroutine SEARCH 




SKELETON OF S.RA.C.E.S. 

C.A.M.P.US. MODEL SFACE REQUKEIMENTS SECTION 



OVERALL PROGRAMME STRUCTURE 




I 



iiErIc 



SEARCH 



j HODEfL 

I PAHAtAETEKS 




MPI 



ERIC 
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-READ 

Cbxmt(imtrvl)^ 

XNTRVL=^1>N1|sJTR.) 

71 




XNTRVL 
-IMTRVL^H 



CINT(.XNTRVL) = BlNT(INTRVL)^(lOO.o/saT/lL) 
DlK/T(ligrRVL) == 




B£L=l 



LABFL>ND1ST? 




label 
~ labe-l-A 1 



1 



. 'READ 

piST (LABEL^INTRVL), 
INTRVL-1, NXMTI) 

71 



1 



•READ* 

((DPNA5AE('1DPT;9,L=I;4-); 

IBPT = Is NDP) 

6^ 



1 



READ 

6)RUm(lD?Ty XDPT’" 1; Mli?) 
('TEAWK(XD?T); ID?T= I; WD?) 
('AMr(2frF(lIiTT); Xl>?l - MDP) 
^rASSlGN (IDFT>, U)Pr=: l,ND?) 
401 





aa^-^ i rnrri a aan-^ i 



i 
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i 



MPS 





V/ 




O 

ERIC 

hiaifaifftiiTi-Taaa 



WRITE 

73 



C0UU(AN 

*L 



HP7 



XKITRVL>NlMTa 



IhjTRyU 
crlNTRVL+j 




13 



il 



XT=:INTRVLi-/ 



WRITE 

BXWT('IWTRVL,)^ BrhlT(IT); 

rkhrs('id?t^intrvl)j 

RK^2i^lKS(XX?r^ INTRVL)^ 
REMRK\B(im^ II ^RVL^ 



1 
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TEAVJK 

J>RUTIL 

SliTIL 

^ 


te 

t 


N0TFMD= 0 




1 


1 WR3 
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l=l 
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MPIO^ 

^lll 
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CC0ST(rNTRVL)=“ 


•CqjSrClWTRVL) 






711 V \ 


' 


jc0ST0T-C0sm +CC0ST(INTRVL) 


WR\T 


i , 

■E 



BX (\1 r ( r NT R VL) ^ B'l N T (IX ) ; 

KWlf F (rSITAYR^ INTRVL)^ 
CSS^FT(IMTRVL); CC0 $T(l^jTRVL) 
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C0NTIMUE 
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END 



